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With The Technical Assistance op Marv Sue Bledsoe, M.S. 

The first positive information regarding the function of the 
suprarenal glands was obtained with the description of the clinical 
syndrome now known as Addison’s disease. Of recent years there 
have been many attempts to reproduce this syndrome in animals 
by extirpation of both suprarenal glands, but the animal (dog or 
cat) invariably died, usually within 2 weeks. In this respect the 
experimental picture more nearly corresponds to that seen in cases 
of suprarenal apoplexy rather than that seen in Addison’s disease, 
which usually runs a subacute or chronic course. In consequence, 
it was commonly considered that the clinical syndrome of Addison’s 
disease could not be reproduced experimentally in animals. Recent 
investigators,^ however, have maintained tliat many of the phenom- 
ena of Addison’s disease are similar to those observed in supra- 
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renalectomized animals. Whereas many symptoms vary in severity 
in the conditions, they are qualitatively the same and are to 
be considered as manifestations of suprarenal insufBciency. Weak- 
ness, muscular asthenia, loss of weight, anorexia, gastrointestinal 
disturbances, and nervous manifestations in particular, are 'often 
found both in clinical and experimental conditions. 

Extended chemical and metabolic studies have been made of 
suprarenalectomized animals, and the changes observed have been 
interpreted in terms of the normal physiologic activity of the 
suprarenal gland. These studies recently have been reviewed by 
Britton, andjwill not be considered in detail here. The clinical 
features of Addison’s disease have been reported in detail by 
. Rowntree and Snell. Thus far, 125 patients with Addison’s dis- 
ease have been observed at The Mayo Clinic. The suprarenal cor- 
tical hormone prepared by the method of Swingle and Pfiffner has, 
in the last year, been used in the treatment of 20 patients. We 
shall report here both on the chemical and metabolic changes 
observed in cases of Addison’s disease, and on the effect on these ‘ 
^changes of treatment with the suprarenal cortical hormone. 

When both suprarenal glands are removed from an animal, 
whether by means of an operation, in one stage or in two stages, 
suprarenal insufBciency becomes complete with the stroke of the 
siu-geon’s knife. The subsequent clinical course is rapidly downward 
,to .a fatal termination. The course of the patient with Addison’s 
disease shows many points of similarity, yet the differences are 
characteristic and fundamental. For the purposes of this consider- 
ation the course may arbitrarily be dir'ided into three periods. The 
distinction between these periods is not always sharp, but they 
usually are recognizable. 

The Three Periods in the Course of Addison’s Disease. The Period 
of Initial Pestrndion of the Snprarcnal Gla?ids. Approximatelj’^ 
twoAhirds of all cases of Addison’s disease are due to tuberculosis 
of tlie suprarenal glands. One-fifth of the total number are due 
to atrophy, particularly of the cortex. Experimental studies have 
disclosed that removal of one suprarenal gland may be compatible 
with the life of the animal and that bilateral suprarenalectomy is 
not necessarily fatal if accessory glandular tissue is present. The 
suprarenal glands in many cases of Addison’s disease in which there 
is a history indicating duration limited to a few weeks, are repre- 
sented bj" large caseous or calcareous masses suggestive of a chronic, 
slowly growing lesion. Tliese observations all suggest that the 
suprarenal glands posse.ss considerable functional reserve, and that 
clinically recognizable signs of Addison’s disease do not appear 
until this reserve is seriously impaired -or destroyed. When the 
functional activity of the glands becomes insufficient for the daily 
physiologic requirements of the body, the second stage is initiated. 
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77/6 Period of the Recognizable Clinical Syndrome. TJie character- 
istic clinical symptoms of Addison’s disease, namely, asthenia, 
•pigmentation, loss of weight and strength, and arterial hypotension, 
are well known. Once they appear the diagnosis is established. 
Although the efficiency and activity of the patient may be greatly 
reduced, disability is not necessarily complete. The average length 
of life following the appearance of the clinical symptoms of Addison’s 
disease is 16.5 months, according to Rowntree, and 13.3 months 
according to Guttman, although Guttman reported 11 cases in 
which the duration was more than 5 years. A greater or lesser 
degree of suprarenal insufficiency must be present during this 
period, yet the patient is in a fairly satisfactory clinical condition. 
When we mention the chemical and metabolic changes in Addison’s 
disease, it is to this period that we refer. 

The Terminal Period or Crisis. Patients with Addison’s disease 
are exceedingly susceptible to intereurrent infection, and usually 
are sensitive to fatigue and minor traumas, such as dental extraction. 
Such predisposing factors frequently initiate an acute, shock-like 
condition, or a period of crisis, although the latter may also develop 
spontaneously. This condition is characterized by a severe gastro- 
intestinal upset, nausea and vomiting, pain, circulatory collapse, 
low blood pressure, cold extremities, and lowered bodily temper- 
ature. The urinary output is often reduced and the respiration may 
have the characteristic irregularity described by Rowntree. 

The outcome of such a crisis varies with the severitj'" of the 
condition. In some cases several sucli upsets have occurred from 
which the patients have recovered spontaneously. In other cases, 
treatment as outlined in the reports of Rowntree, Greene, Swingle 
and Pfiffner and of Rowntree, Greene, Ball, Swingle and PfifFner, 
is strikingly beneficial. Still other patients are refractory to treat- 
ment, and the crisis is terminal. 

The chemical and metabolic determinations in Addison’s disease 
will be presented on the basis of the last two periods. The change 
from the one to the other may be insidious, and there is room for 
difference of opinion so far as the precise severity of symptoms 
necessary for the establishment of a crisis is concerned, but in 
general the distinction between the two groups is permissible. 

The Basal Metabolic Rate. The respiratory exchange of patients 
with Addison’s disease was first studied by Fuchs and Roth. Loffler, 
Muirhead, Aub, Forman and Bright, Grafe, Lawrence and Rowe, 
and Labbe and Stevenine reported cases in which the basal metabolic 
rate was reduced. Herman and Richard, and Maranon and Carrasco 
reported other cases in which the metabolic rate was normal or 
increased. A considerable number of cases was reported by Boothby 
and Sandiford and b}’^ Rowntree. These reports indicate that the 
basal metabolic rate in tliis condition, although frequently within 
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normal limits, is variable, and may he markedly reduced in some 
cases. We wish to summarize the experience at The Mayo Clinic 
to date, with the report on the basal metabolic rate in a series of 
86 cases of Addison’s disease. A preliminary study indicated that 
the basal metabolic rate, when calculated according to the Aub- 
DuBois standard in the usual way, fell, for the most part, within 
the lower limits of normal. Experience at the Clinic, however, has 
indicated that the mean basal metabolic rate of normal persons 
varies, depending on the age group studied. In younger persons it 
may be from — 3 to — 7 per cent. Under these conditions it becomes 


-IS -10 0 +10 +15 



50-Z7-m-aidi5-lZ-9-6 -5 0+5+6+S+12-a5+lS''21+24+27+50 
Baaal metabolic rate 


Frecfuency distribution In Addison's Disease 

Fretjuency distribution in Normals 

Fig 1 —The frequency of distribution of basal metabolic rates in a series of 8G 
natients rrith Addison’s disease. The calculated distribution curve is shown: mean, 
_4.s 0.67; standard dei-iation, 9.2 ± 0.48. The distribution curve for normal 

men aged 40 to 44 years is given for comparison: mean, 0.0 =*= 0.34; standard dowa- 
tion, 7.7 ~ 0.24. 

difficult to judge of the statistical validity of the apparent reduction 
of the basal metabolic rate observed in cases of Addison’s disease. 
To facilitate comparison the latter rates were recalculated according 
to tlie new standards of Boothby and Sandiford. The frequency 
distribution is shown in Fig. 1, together Mth the distribution curve 
found by Boothby and Sandiford for normal men aged 40 to 44 years. 

The basal metabolic rate unquestionably is reduced m Addison s 
disease, witli a mean value of approximately -5 per cent and a mode 
of approximately - 7 per cent. Very low values are found m certain 
cases, and there is a suggestion that these low values are more 
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frequently found in crisis. The condition of the patient in crisis, 
however, precludes any very extended study of respiratory exchange 
at that time. 

It is generally recognized that the basal metabolic rate is reduced 
to the extent named, or more, in conditions characterized by 
undernutrition. Loss of weight and muscular asthenia are cardinal 
symptoms in Addison’s disease, and the reduction in respiratory 
exchange in consequence may be a secondary phenomenon, although 
we have not found direct correlation between the loss in weight and 
the basal metabolic rate. 



Fig. 2. — Changes in the basal metabolic rate of patients with Addison’s disease 
treated with the suprarenal cortical hormone. The days on which treatment was 
given are marked by the heavy line. 


Investigators who have determined the respiratory exchange in 
animals after suprarenalectomy have considered the changes to be 
direct results of the suprarenal insufficiency. The earlier studies 
were discordant, but Aub, Forman and Bright, Houssay and 
Artundo, Swingle, Pfiffner and Webster, and Harrop, Pfiffner, 
Weinstein and Swingle all have reported reduction in the basal 
metabolic rate. The last-named investigators found that the basal 
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metabolic rate of animals which had reached the stage of prostration 
was approximately 50 per cent below normal. Forty-eight to 72 
hours after administration of the cortical hormone the metabolic 
rate rose to between 10 and 18 per cent above the normal previously 
established for an individual animal. 

The effect of treatment with the cortical hormone on the meta- 
bolism of patients with Addison’s disease (Fig. 2) is variable. 
There is Amry little change in patients %vhose metabolic rate is 
normal. l^Ten the metabolic rate of the patient is reduced, treat- 
ment causes elevation toward, although not always to within, 
normal limits: thus in Case 12 the change was from —31 to — 13 per 
cent and in Case 16 from —22 to —4 per cent. The maximal 
increase was from —IS to +12 per cent, and in no case did the 
basal metabolic rate after treatment rise above +14 per cent. 
The increase in the basal metabolic rates of these patients may 
in part be associated with the increased strength and vitality of 
the patient, but this is not necessarily the case, for we have observed 
marked clinical improA^ement associated AAuth considerable gain in 
weight without any corresponding change in the metabolic rate. 

That the change in the respiratory exchange is not an accurate 
guide to the clinical condition is also indicated by 3 cases in which 
there were considerable increases in metabolic rate, AA'ith only a 
questionable degree of clinical improvement. 

The study of the respiratory exchange of this group of patients 
shoAvs that the clinical features are in harmony with e-xperimental 
results in indicating some degree of reduction in the basal metabolic 
rate in the presence of suprarenal insufficiencj', and in demonstrating 
improA'ement following treatment AA'itli cortical extract. The results 
' Avith patients, hoAVCA^er, are mucli less marked than are those Avith 
animals, and do not serve to determine Avhether these changes are 
direct results of the suprarenal insufficiency or AA+ether they are 
secondary to the associated nutritional disturbance. 

Nitrogen Metabolism. The earliest studies of tlie composition of 
the urine and of the nitrogen balance in Addison’s disease, as pointed 
out by Grafe, may be discounted because of the inadequacy of the 
analytic methods then aA^aiiable, CA'en though the results were not 
significantly different from normal. The more recent iiu'^estiptions, 
such as those of Kolisch and Pichler, Senator, Yollbracht, Pickardt, 
Wolf and Thacker, Eiselt, and Beuttenmuller and Stoltzenberg, are 
free from this objection. 

Wc haA-e studied the partition of urinary nitrogen and the appro.x- 
imatc nitrogen balance in 9 cases of Addison’s disease, before, during, 
and after treatment Avith the suprarenal cortical hormone. Because 
of the anore.xia and gastrointestinal distress that accompanies many 
cases of untreated Addi-son’s disease, it has not been possible to 
put these patients on a constant, rigid diet. It has been necessary, 
instead, to allow the patient to cat as desired, but all food served 
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and any uneaten portion was weighed. In this way a record was 
kept of all food actually consumed. The content of nitrogen and 
calories was then calculated from the Atwater-Bryant tables. The 
stools were not saved, but in calculating the nitrogen balance, the 
fecal nitrogen was assumed to be one-tenth of the intake. Care 
was taken in the collection of urine, and the periods over which the 
daily specimens of urine were collected were, for the most part, 
accurate to within 15 minutes. The analytic methods of Folin 
were used throughout in urinalysis. 

The analytic results in illustrative cases are given in Tables 1, 
2, 3, 4, 5 and 6. Tlie details of the clinical histories have been 
given in the paper of Rowntree, Greene, Ball, Swingle and Phffner. 
For the most part, the comiiosition of the urine corresponded to 
tlie lower level of the usually accepted normal standards. The total 
nitrogen varied between 5.30 and 11.77 gm. for 24 hours. Urea 
was the major constituent. The values for the creatinin nitrogen, 
uric acid nitrogen, amino-acid nitrogen and rest nitrogen all fell 
within the limits of normal, and to this extent served to exclude 
disturbances in endogenous metabolism. There was no change in 
these values Avith treatment. The acid-base balance, as indicated by 
the hydrogen-ion concentration, the titratable acidity, the ammonia 
nitrogen or the excretion of phosphate was likewise normal, and 
Avas not significantly changed during treatment. 

We have found a considerable degree of creatinuria (more than 
30 mg. of creatin nitrogen daily, or more than 10 per cent of the 
preformed creatinin) in 7 of 13 cases studied. When creatin has 
been present it has been reduced in amount or has disappeared 
completely as a result of treatment with the cortical hormone 
(Table 1). Especial mention should be made of the excretion of 
urea in the ninth case in our experience (Table 3) Avhich, as lias 
been said, is reported in another paper. This patient Avas Aveak, 
but AA^as in a satisfactory clinical condition on the first day of the 
metabolic study. The second day he had no appetite, ate very 
little, A^omited once, and took onlj'^ a small amount of fluid; the 
amount of mine was greatly reduced. Treatment Avith cortical 
hormone Avas started, the intake of fluid Avas pushed during the 
next tAA'o days, and the patient made a prompt and spectacular 
clinical recovery. The elimination of practically all urinary con- 
stituents Avas reduced the day the urinary output Avas diminished. 
That this was due to retention is shown by the increased excretion 
the 2 following days. This is Avell shoAAm by the figures for urea, 
creatinin and titratable aridity. The output of total nitrogen the 
second day of the experiment AA'as 5.83 gm. less than on tlie first 
day. Approximately this amount of extra nitrogen AA’'as eliminated 
in the next 2 days. The/intake of food Avas reduced during this 
period. This effect, plus the washing out of retained nitrogen, 
resulted temporarily in a A^'ery markedly negatiA^e nitrogen balance. 
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Table 4.— The Effect on Metabolism of Treatment .With Cortical PIoumone in the’ Tenth • Case op Our Experience. 


METABOLIC STUDIES 


IN Addison’s disease 


11 



1 



Tadm! 5. — Tub Effect on Metabolism ok Treatment With Cobtical Hormone in the Twelfth Case op Our Experience. 


12 


GREENE, RO'WNTREE, SWINGLE, PFIFFNER 




Table 6. — The Effect on Metabolism of Treatment With Cortical Hormone in the Fourteenth Case op Our Experience. 
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Weight, kg 

Cortical extract, cc 

Intake of food: 

Total calories 

Protein expressed as nitrogen, gm. . 
Basal metabolic rate, per cent . 

Urine for 24 hours: 

Volume, CO 

Total nitrogen, gm 

Urea nitrogen, gm 

Ammonia nitrogen, gin 

Total creatinin nitrogen, gm. 
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Blood: 
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The effect of treatment with the cortical hormone in increasing 
appetite and causing gain in weight has been stressed by Rowntree, 
Greene, Ball, Swingle and Pfiffner. This is well shown in the figures 
for intake of food in Tables 3^ 5 and 6. The initial nitrogen balance 
in this group of patients apparently varied with the status of the 
weight curve at the onset of the experiment; it was positive in the 
2 cases in which the patients were gaining weight and was in equilib- 
rium or negative in the cases in w’hich the weight was constant or 
falling. The majority of patients gain weight as a result of this 
form of treatment. This is accompanied by retention of nitrogen 
with a corresponding shift in the nitrogen balance. In the 14th 
case in our experience (Table 6) there was a maximal daily retention 
of 10.09 gm. of nitrogen. A normal concentration of blood urea at 
’that time indicated that this positive balance was evidence of 
grovdli and not of urinary retention. At no time was there evidence 
of an abnormal or toxic destruction of protein. 

Renal Function. Numerous observers since the time of Marshall 
and Davis have called attention to the increase in blood urea and 
the evidence of renal insufficiency in suprarenalectomized animals. 
By some this has been considered to be one of the earliest signs of 
suprarenal insufficiency. 

It is recognized that renal insufficiency may be manifest during 
the critical periods and termih'al stages of Addison’s disease. It 
has been our clinical experience that an adequate intake of fluid is 
necessarj’’ in these cases, and that reduction in the latter, sufficient 
to permit a urinary output of less than 1 liter a day for 2 or 3 days, 
may be of serious consequence. We have reported evidence of 
retention of urea in particular during such an episode. 

Studj”" of patients witli Addison’s disease who were in good clinical 
condition and whose intake of fluid was adequate, for the most part 
reveals normal values for blood urea and for excretion of phenol- 
sulphonephthalein. The values for urea in each 100 cc. of blood 
were practiqaUy all less than 40 mg. (Fig. 3). Values of more than 
50 mg. with a maximal value of 154 mg. were found only if patients 
were in crisis, vomiting, dehydrated, or who were in collapse or 
were recovering from this condition. An intensive study of renal 
function of a patient in crisis is not practicable, and our observations 
were limited. There is a suggestion; however, that tlic e.xcretion of 
phenolsulpltonephthalein is reduced at such times. The concen- 
tration of cfeatinin in the blood may be increased when the patient 
is in crisis; the maximal value observed was 4.8 mg. in eacli 100 cc. 
The blood iTcatinin is a less sensitive index in these case.s than is 
the blood urea and may still be witliin the normal limits when the 
latter is considerably elevated. The decrease in the values for blood 
urea and crcatinin in sucli a case following treatment with the 
cortical hormone and tlie supplying of an adequate amount of 
fluids is shown in Fig. 4. The concentration of uric acid in the 
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as so 75 100 12,5 150 

Blood urea 


^Addison’s Disease ^Patients in crisis 

Fig. 3. — The frequency of distribution of the concentration of urea in the blood 
in a series of cases of Addison’s disease. Cases in which the concentration of urea 
was 40 mg. in each 100 cc, of blood, or more, and in which the patient was in crisis 
or was recovering from crisis, are marked. 



Fig. 4. — The change in the concentration of blood urea and of creatinin, in conse- 
quence of treatment of a patient vdth Addison’s disease who was in crisis. Ten cubic 
centimeters of the suprarenal cortical hormone were given daily during the first week, 
and the daily intake of fluid was 2000 cc. or more during the period of observation. 
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blood, has been recommended as an index of renal insufficiency, but 
it did not depart from normal in this group of patients. Wakefield 
has pointed out the significance of an increase in the sulphates of 
tbe serum as an early sign of renal insufficiency. In Addison’s 
disease he found the concentration of sulphates to be normal except 
during the critical periods and terminal stages of the disease. We 
are able to confirm this observation. The maximal value obtained 
was 13.5 mg. in each 100 cc. Occasionally, the value for sulphates 
in the serum is slightly increased in a case in which the value for 
blood urea is normal and in which the patient is in fairly good 
clinical condition. This may well be an incidental observation, for 
it has been our experience that although there is retention of nrea, 
creatinin and sulphates in the blobd of a patient in crisis, and that 
a period of increased intake of fluid, with diuresis, will dispel this 
retention, the sulphates are the last to be eliminated and the slowest 
to return to normal. We have also observed 1 patient who died 
from Addison’s disease, whose blood urea and sulphates were kept 
within a normal range by means of forced administration of fluids. 
These results we believe indicate that renal insufficiency in Addison’s 
disease is a secondary manifestation, dependent primarily on such 
factors as dehydration and circulatory collapse rather than being 
a direct manifestation of suprarenal insufficiency. 

Other elements may enter into this response. Rowntree and 
Rosenow have both called attention to the delay in the excretion 
of water by these patients, and a change in the water balance may 
predispose to anhydremia. However, the fundamental, relations 
we believe are those outlined. 

Carbohydrate Metabolism. Bhod Sugar. There has been much 
discussion of the relationship between the suprarenal glands and 
the metabolism of carbohydrates. Most of this discussion has been 
concerned primarily with the part played by epinephrin in physio- 
logic processes. Forges was the first to report decreased values for 
blood sugar in Addison’s disease. The early reports were contra- 
dictory. They have been summarized by Rosenow and Jaguttes, 
who pointed out that hypoglycemia was a frequent but not a 
constant occurrence. More recent reports have been those of 
La%vrence and Rowe, Rowntree and Snell, and Chapman. 

A study of patients with Addison’s disease disclosed that the 
fasting blood sugar, determined by the Folin-Wu method, varies 
between 70 and 130 mg. in each 100 cc. with the value in the major- 
ity of the cases between 70 and 105 mg., and tlie peak of the dis- 
tribution curve between 85 and 90 mg. Values below 70 mg. were 
found only if patients were in crisis, and we have seen 12 cases in 
which the readings of blood sugar were between 45 and 70 mg. 
Tliis degree of hypoglycemia does not necessarily accompany the 
state of crisis, and normal values for blood sugar may be present 
at the time of crisis. We agree with Wadi in considering that 
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hypoglycemia is essentially a phenomenon of collapse. Symptoms 
suggestive of this condition have been observed by us, but are 
much confused with the pre&isting evidences of circulatory failm-e, 
coma and collapse. In such cases, gradual increase in the fasting 
blood sugar has been associated with recovery following treatment. 

The slight reduction in the fasting blood sugar seen in cases of 
Addison’s disease may be an expression of the anorexia and poor 
nutritional state which is characteristic of this disease. If, as sug- 
gested by others, it represents a characteristic and fundamental 
disturbance in carbohydrate metabolism, this must be of a special 
type unrelated to that seen in diabetes mellitus, for we have seen 
2 cases, reported by Allan, in which the two diseases were coexistent. 

Lactic Acid. The metabolism of lactic acid is closely related to 
that of carbohydrates. The lactic acid content of the blood of 4 
patients with Addison’s disease varied between 5.1 and 11.3 mg. 
in each 100 cc. These are within the usual normal limits, although 
they come within the lower portion of the latter. Hastings and 
Compere reported a decrease in the lactic acid content of the blood 
of suprarenalectomized dogs, although this observation was not 
confirmed by the studies of Harrop, Pfiffner, Weinstein and Swingle. 

Further Study of the Chemical Condition of the Blood, Some of the 
changes in the chemical composition of the blood in Addison’s dis- 
ease have been considered previously (Table 7). Various other 
changes have been reported in animals following suprarenalectomy. 
The values for total solids, protein, calcium and potassium are 
increased, and those for chlorids are decreased. Uncompensated 
acidosis, with changes in hydrogen-ion concentration, carbon dioxid 
tension, and carbon dioxid combining power also have been reported. 
We cau confirm the presence of similar changes in clinical cases but 
again find that the severity of the disturbance varies with the stage 
of the disease (Table 5). The concentration of serum proteins 
varies from 5.0 to 7.9 mg. in each 100 cc. among patients who are 
in good condition. Values between 8.3 and 9.9 mg. were found at 
the time of crisis. The values for calcium were normal in the cases 
of the first group, but they varied between 11.6 and 13.5 mg. in each 
100 cc. of blood in the cases in crisis. The values for potassium were 
similarly changed, but these changes were not as striking as those 
reported in dogs by Hastings and Compere. These observers 
reported increases much greater than could be explained by the 
concentration of the blood. The changes in the serum protein 
and calcium observed in cases of Addison’s disease are character- 
istic of dehydration, or anhydremia, with concentration of the 
blood. Direct evidence of anhydremia during crisis has also been 
presented by Rowntree and Brown, who found the blood volume 
and plasma volume reduced at such times, although normal values 
’ were the rule when the patient was in good condition. Changes in 
the blood which are consequent on dehydration and concentration 
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Ten caBoa taken at random; complete data not Riven. 
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must be considered secondary and not direct results of suprarenal 
insufficiency. 

The values for serum chlorids may be low in Addison’s disease, 
although not markedly so, for we find a variation of between 519 
and 711 mg. in eacli 100 cc. Certainly the values are not greatly 
different from the usually accepted figures for the normal. Lower 
values occur when the patient is in crisis, 445 to 569 mg. Anorexia 
and vomiting are both pronounced at the latter time, and the com- 
bined effects of reduced intake of salt and loss of chlorids in the 
gastric content may well account for this reduction. We have pre- 
viously pointed out that urinalysis did not indicate any great dis- 
turbance of the acid-base balance of patients with Addison’s disease. 
The carbon-dioxid combining power of the blood has varied between 
41 and 68 volumes per cent of plasma in such cases. Some, but 
not all, patients who were in crisis gave evidence of acidosis. The 
range of variation of the carbon dioxid combining power in this 
group was between 30 and 50 by volumes per cent. The retention 
of sulphates and of acids in consequence of renal insufficiency has 
been considered, and such retention may be a factor in producing 
acidosis. We have recently seen a patient in the terminal stages 
of Addison’s disease to whom it was possible to administer sufficient 
fluids to insure adequate renal function and to maintain the blood 
urea and sulphates at normal levels. She was unable to take food, 
and after several days of virtual starvation the carbon dioxid com- 
bining power fell to 15 volumes per cent, while large amounts of 
acetone and diacetic acid appeared in the urine. Considerable 
reduction in the degree of acidosis occurred in consequence of intra- 
venous administration of glucose. The acidosis of this patient was 
due primarily to the ketosis of starvation. These results corre- 
spond in great part to those reported by Maranon. They suggest 
that although patients with Addison’s disease as well as supra- 
renalectomized dogs show disturbances in the acid-base equilibrium, 
these changes apparently are secondary and are not to be considered 
as primary manifestations of suprarenal insufficiency. Cholesterol 
and the blood lipoids were also studied in a few cases, but the results 
were not greatly changed from normal. 

Acidity of Gastric Content. Altliough gastrointestinal disturbances 
and epigastric pain, suggestive of hyperacidity, are common in 
Addison’s disease, hjqieracidity is only occasionally demonstrable 
by analysis of gastric content. Achlorhydria was present in approx- 
imately half of the cases studied, and subacidity in another fourth 
of them. Analysis of gastric content has not been done as a 
routine on patients under treatment. There is no change in some 
cases. On the other hand, one patient with complete achlorhydria 
to the ordinary Ewald test meal was found to have a free acid of 
34 and a total acidity of 50 (in terms of cubic centimeters of 0.1 
normal sodium hydroxid) after completion of a course of treatment 
with cortical hormone. 
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Comment. These results demonstrate the many points of simi- 
larity between the chemical and metabolic changes observed in cases 
of Addison's disease and those reported in suprarenalectomized 
animals. They also reveal that in the study of these changes the 
clinical condition of the patient must be considered carefully to 
exclude the influence of secondary effects not solely ascribable to 
suprarenal insufficiency. 

The patients with Addison's disease in the group studied who 
were suffering from muscular weakness and asthenia, pigmentation 
of the skin, anorexia, and loss of weight, but who were otherwise in 
good clinical condition and were not vomiting or were not dehy- 
drated, had few metabolic abnormalities. 'The basal metabolic 
rate usually was slightly reduced. Gastric achlorhydria was com- 
mon, creatinuria was sometimes present, and the level of fasting 
blood sugar was slightly reduced. If the patient was losing weight 
the nitrogen balance was negative. These changes may in part be 
an expression of the poor nutritive condition of the patient as well 
as an expression of suprarenal insufficiency. 

During a period of crisis, with vomiting, dehydration and circu- 
latory collapse, the effects of anhydremia and renal insufficiency 
dominate the metabolic picture. The blood volume is reduced; 
the values for serum protein, calcium and potassium are increased. 
There is retention of urea, creatinin, sulphates and acid products 
in the serum; this last may result in a moderate degree of acidosis, 
although ketosis from starvation may also be a factor in the pro- 
duction of acidosis. Hypoglycemia may be a terminal event. The 
effects of anhydremia and renal insufficiency may be prevented or 
eliminated by the administration of adequate amounts of fluid, 
without preventing a fatal termination of the disease. Usually 
provision of an adequate supply of fluids has a favorable influence 
on the clinical course of the disease. 

The therapeutic use of the cortical hormone, as we have pointed 
out, reduces nausea and allays vomiting in the crisis of Addison’s 
disease, and therefore greatly facilitates the administration of 
adequate amounts of fluids. Under these conditions the evidences 
of anhydremia and renal insufficiency disappear rapidl5C With 
continued improvement patients gain in weight, the nitrogen balance 
becomes positive, creatinuria disappears, and the metabolic rate 
often returns to normal, although this last may be in part only an 
expression of the improvement in the general stete of nutrition. 

The paucity, in Addison’s disease, of chemical and metabolic 
changes which can be ascribed solely to suprarenal insufficiency, is 
significant. Ex]rerience witli the preparation for therapeutic use of 
other hormones, such as insulin, pituitary extract, or the para- 
thyroid hormone, which cannot as yet be identified by precise 
chemical means, has enqihasized tlie imporhince of rapid and 
accurate raetliods of standardizing the activity of commercial 
preparations. The ability of the cortical hormone indefinitely to 
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prolong the life of bilaterally suprarenalectomized cats was the 
measure of its efficienc}^ originally used by Swingle and Phffner. 
Other biocliemical methods of standardizing this or similar prepara- 
tions have since been suggested as being simpler and more rapid, 
but their validity remains to be demonstrated. 

Summary. A .study has been made of the chemical and metabolic 
clianges observed in cases of Addison’s disease, and the efPect on 
these clianges of treatment wdth the cortical hormone of the supra- 
renal gland. 

It is emphasized that the clinieal course of a case of Addison’s 
disease may arbitrarily be divided into three stages: (1) The stage 
of initial destruction of the suprarenal glands; (2) the stage of the 
recognizable clinical syndrome, and (3) the terminal stage or crisis. 

Usually the disease is not recognized until the second stage is 
reached. At this time there may be loss of weight, asthenia and 
definite undernutrition. The basal metabolic rate is reduced slightly 
and there is some reduction in the blood sugar. Such changes 
become less with treatment, and more marked in the periods of 
crisis. 

The quantities of the various constituents of the urine in Addison’s 
disease corresponded to the lower levels of the usually accepted 
normal standards. Creatinuria was present in a considerable pro- 
portion of cases. Retention of practically all urinary constituents 
was noted in one case in the course of a period of diminished urinary 
output. The nitrogen balance of those patients who were losing 
weight was negative. The majority of patients gained weight as a 
result of treatment with the suprarenal cortical hormone. In such 
cases the nitrogen balance became markedly positive. 

The period of crisis was characterized by gastrointestinal upsets, 
nausea and vomiting, pains, circulatory collapse, low blood pressure, 
dehydration and renal insufficiency. The effect of the last two 
dominated the chemical picture at this time. 

The relation between the chemical and metabolic changes observed 
in cases of Addison’s disease, and those reported in suprarenalec- 
tomized animals, and the use of these changes for the standard- 
ization of preparations of the suprarenal cortical hormone are 
considered. 
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Considerable data have been published that deal with the 
absorption of insulin by the alimentary tract. Stammers’ review 
of the records, however, shows that insulin administered in this 
way is ineffective. Usually the failure of oral or enteral administra- 
tion of insulin has been attributed to its destruction by pepsin or 
trypsin, and numerous attempts have been made to inhibit the action 
of these enzymes. Murlin, Sutter, Allen and Piper found evidence 
of the utilization of sugar in cases of diabetes after insulin in crude 
solution containing 0.1 per cent hydrochloric acid, had been instilled 
directly into the duodenum. They also found that insulin in enteric- 
coated tablets sometimes passed through the stomach and survived 
the action of trypsin long enough to produce improvement of the 
diabetes. Peskind, Rogoff and Stewart found that insulin in serum, 
defibrinated blood, or water was absorbed from the rectum of 
rabbits, but relatively large doses were necessary, and the effect on 
blood sugar was more transitory than when smaller doses were given 
subcutaneously. Administration of insulin by rectum in a solution 
of sodium chlorid, water or serum, did not affect normal or depan- 
creatized dogs. 
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Gaebler and Murlin, working with dogs with phlorhizin diabetes, 

' observed that insulin administered orally, in enteric-coated tablets, 
combined with malic acid, sodium oleate, and an amino-acid which 
liberated hydrochloric acid, also administered in solution in blood 
serum, caused positive, although moderate, reduction of sugar in the 
urine and increase in the respiratory quotient, and spared protein. 
The effect was much less than that produced by subcutaneous 
administration. Similar results with depancreatized dogs were 
obtained by Murliri and Hawley, who proved that if insulin were 
protected by blood serum from proteolytic destruction by digestive 
enzymes, it could be absorbed in significant amounts by the alimen- 
tary tract. In some instances the respiratory quotient was raised 
as high as the value following subcutaneous injection. In several 
instances the urine was entirely freed of sugar, although the dog 
was taking a full diet containing meat. The effect on the blood 
sugar was not as sudden or as great as when insulin is given sub- 
cutaneously. The liver seemed to protect the body against the 
severe effects of a sudden access of insulin to the general circulation. 
Hypoglycemic symptoms have never been observed following 
enteral administration of insulin even in huge doses. Four of 
Murlin and Hawley’s dogs were kept alive 81, 125, 41 and 91 days, 
respectively, after complete pancreatectomy, and while they were 
on full diets. “ 

Most of the effects of oral or enteral administration of insulin to 
normal animals have been entirely negative.^’^^ Administration of . 
insulin by rectum to rabbits fails, according to Senstrom, because 
it is inactivated by the feces. Supniewski, Islikawa and Gelling 
have expressed the belief that the large size of the insulin molecule 
prevents its passage into the circulation when it is injected into 
the cerebellar cistern. Subcutaneous injections of insulin produced 
marked decreases in the sugar of the blood and spinal fluid of dogs 
and rabbits, but intraspinal injection was without effect. 

We have used dogs with permanent fistulas at different levels of 
the gastrointestinal tract so that solutions could be instilled directly 
or material withdrawn at the desired level. It would appear that 
direct instillation should avoid the possibility of destruction by 
enzjnnes at other intestinal levels. The results were all uniformly 
negative; as far as could be demonstrated there was not any marked • 
effect on the concentration of sugar in the blood. Control experi- 
ments demonstrated that small amounts of insulin absorbed in tlie 
portal circulation produced definite decrease in the sugar of tiie 
blood. vSince these experiments seemed to indicate that effective 
amounts of insulin did not pass tluough the normal intestinal mucosa 
we believed that they might be of some interest. 

Experimental Procedures. The intestinal fistulas were made by 
a method of iSTann and Bollman wdiich permits ready and frequent 
passage of a small catheter tlu-ough a small, exposed .segment of 
intestine, directly into the portion of intestine to which this segment 



BOLLMAN, JIAm: ENTERAL ADMNISTRjmON OF INSULIN 25 

^ anastomosed. Large amounts of solutions thus can be injected 
directly into the intestine, and in our experiments there was no 
leakage of injected material. Other animals were prepared so that 
there were isolated intestinal loops. The loop isolated was about 
30 cm. of ileum taken about 75 cm. from the distal end of the ileum 
and the upper and lower ends were left in the upper and lower ends 
of the abdominal wound to drain externally. The insulin used was 
Iletin (insulin-Lilly) U20 or U80 of tested potency. Of the former, 
each cubic centimeter contains 20 units; of the latter, each cubic 
centimeter contains SO units. The concentration of sugar in the 
blood was determined by the method of Folin and Wu, and speci- 
mens of blood were obtained by direct puncture of the jugular vein. 

Administration by Duodenum. The dog used for these experiments 
had been prepared S months previously, and was in excellent condi- 
tion, weighing 11.2 kg. The animal had been maintained on the 
kennel diet and was fasted for 18 hours prior to each experiment. 
Determinations of blood sugar were made just prior' to the adminis- 
tration of insidin, and at intervals of 30 minutes thereafter for at 
least 3 hours, and in most experiments for 6 hours. The insulin 
was injected dhectly into the duodenum tlirough a small catheter 
as follows: (1) 200 units of insulin in a volume of 10 cc., washed in 
with an equal volume of water; (2) 200 units of insulin in a volume 
of 10 cc., mixed immediately before injection with 20 cc. of 0.2 per 
cent solution of hydrochloric acid; (3) 200 units of insulin in a 
volume of 10 cc. 1 minute after injection of 10 cc. of 0,2 per cent 
solution of hydrochloric acid and followed by a similar injection of 
acid after 3 minutes; (4) 200 units of insulin mixed with 100 cc. of 
normal dog serum, and (5) 200 units of insulin mixed with 100 cc. 
of citrated normal dog blood. The determinations of blood sugar 
need not be given in detail since none deviated from the normal 
values previously determined for the dog concerned. Injection by 
the foregoing methods of larger amounts of more concentrated 
insulin, 400 to 800 units of insulin, of which each cubic centimeter 
contained 80 units, produced definite lowering of sugar of the 
blood. Within 30 minutes the concentratibn of blood sugar was 
reduced from 40 to 50 mg. for each 100 cc. and returned to normal . 
in from 1 to 4 hours. Symptoms of hypoglycemia were not produced. 

Administration by Jejunum. This dog had been prepared 2 
months previous to the experiment. A catheter passed through the. 
exposed loop of intestine entered the jejunum 20 em. below the 
ligament of Treitz. The animal was in good condition and weighed 
4.5 kg. The animal had been on the standard kennel diet and 
was fasted 18 hours prior to each experiment. The insulin was 
injected directly into the jejunum as follows: (1) 100 units of insulin 
in a volume of 5 cc., washed in with an equal volume of water; 
(2) 100 units of insulin mixed immediately before injection with 
10 cc. of 0.2 per cent solution of hydrochloric acid; (3) 100 units of 



26 ■ BOLUIAN, JLANN; enteral ABMINISTRATiON OP INSULIN 

insulin together with 50 cc. of normal dog serum, and (4) 100 units 
of insulin together with 50 cc. of citrated normal dog blood. Deter- 
mination of blood sugar taken at intervals of 30 minutes for at 
least 3 hours after administration of insulin did not disclose devia- 
tion from the normal values for blood sugar previously obtained in 
the animal. Injections of larger amounts of more concentrated 
insulin were effective in reducing the sugar of the blood to about 
the same extent as when the insulin was injected into the duodenum. 

Admini'Stration by Hewn. This dog had been prepared 8 months 
previous to the experiment. A catheter passed through the exposed 
loop of intestine entered the ileum about 70 cm. from the cecum. 
The animal was in good condition and weighed 11.2 kg. It had 
been maintained on the standard kennel diet and was fasted 18 hours 
previous to each experiment. The insulin was injected directly 
into the ileum as- follows: (1) 200 units of insulin in a volume of 
10 cc. washed in with an equal volume of water; (2) 200 units of 
insulin in a volume of 10 cc., preceded by and followed by injection 
of 10 cc. of 0.2 per cent solution of hydrochloric acid; (3) 200 units 
of insulin in a volume of 10 cc., mixed immediately before injection 
with 20 cc. of 0.2 per cent solution of hydrochloric acid; (4) 200 units 
of insulin in a volume of 10 cc., together with 100 cc. of normal dog 
serum; (5) 200 units of insulin in a volume of 10 cc., together with 
100 cc. of citrated normal dog blood, and (6) 200 units of insulin 
in a volume of 10 cc. together with 20 cc. of bile from the gall 
bladders of normal dogs. Determinations of the blood sugar, made 
every 30 minutes for at least 3 hours after administration of insulin, 
did not show appreciable deviation from the normal values pre- 
viously obtained in the animal. The administration of insulin with 
blood serum and Avith blood AA'ere all complicated by the fact that 
the animal began to pass the injected blood or serum by rectum 
1 hour and 15 minutes after administration, and in every experiment 
some blood or serum Avas passed within 2 hours after administra- 
tion. Injections of larger amounts of more concentrated insulin 
Avere effectwe in reducing the sugar of the blood, but Avere less 
effectiA'e than duodenal injections of the same amount. 

Administration by Isolated Ilcac Loop. One dog used in this 
experiment had been prepared 4 years previously. In dogs Avith 
isolated ileac loops of only a few weeks’ duration results Avere similar. 
The isolated loop consisted of about 30 cm. of ileum, both ends of 
AA'hich Avere open on the surface of the abdominal AA’all. The animal 
AA’as in good condition, AA'eighing 17.4 kg.; it had been fasted for 
18 hours. Insulin Avas sloAvly instilled into the proximal end of the 
isolated loop, so that no leakage occurred; 30 minutes Avere taken 
for each injection. One hundred units of insulin in a volume of 
5 cc. Avere instilled under the following conditions; (1) ^\ithout pre- 
vious Avashing of the isolated loop; (2) following. Avashing of the 
isolated loop with 50 cc. of Avatcr; (3) following Avashing of the loop 
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witli 50 cc. oi 0.1 jier cent solution of hydrochloric acid; (4) following 
addition of strong liydrochlorio acid to the insulin, so that the 
solution contained 0.2 per cent of hydrochloric acid, and (5) after 
addition of 2 cc. of bile from the gall bladder. All of these experi- 
ments were satisfactory except the administration with bile. This 
stimulated secretion in the loop so that the volume inereased rapidly, 
and considerable of the solution was expelled. Determinations of 
blood sugar taken at intervals of 30 minutes after administration of 
insulin were all within normal limits. Only one experiment might 
be regarded as doubtfully significant. After the loop had been 
washed with 50 cc. of water, 100 units of insulin in a volume of 5 cc. 
were instilled into the loop in 25 minutes. The concentration of 
blood sugar before insulin was administered was 108 mg. in eaeh 
100 cc., and the readings at intervals of 30 minutes thereafter 
were 9S, 78, 108, 99, 98, 91, 98, 91 mg. Repetition of this experi- 
ment did not alter the blood sugar even to this extent, and 
repeated instillations of 100 units of insulin every 30 minutes for 
2 hours was ineffecti\'e. Insulin in more concentrated solution 
caused definite lowering of the sugar of the blood, but symptoms of 
h^Tioglycemia were not produced. 

The following experiment also was performed on a dog with an 
isolated intestinal loop. It demonstrates the effect of insulin 
absorbed into the mesenteric veins. Seventeen and five-tenths units 
of insulin were injected through a fine needle submucou.sly into 
the exposed ends of the intestinal loop. Not more than 2 units 
were injected at one time, and 25 minutes elapsed during the 
injections. Some leakage occurred at the sites of injection so that 
the amount actuallj^ injected was less than 17.5 units. The con- 
centration of blood sugar was 116 mg. in each 100 cc. when the 
injections were begun. Five minutes after completion of injections 
the concentration of blood sugar was 63 mg.; 50 minutes after 
injection, 51 mg.; 1 hour and 20 minutes after injection, 44 mg.; 

1 hour and 50 minutes after injection, 46 mg. ; 2 hours and 50 minutes 
after injection, 62 mg., and 3 hours and 50 minutes after injection, 
86 mg. 

That the mucosa of the isolated loop was not completely imper- 
vious to substances in solution was demonstrated by the following 
experiment: 6 mg. of phenolsulphonephthalein, in a volume of 1 cc., 
was instilled into the proximal end of the isolated intestinal loop. 
One hour later the urine contained 30 per cent of the injected 
phenolsulphonephthalein and in the next hour 10 per cent was 
recovered. At the end of this period the mucosa of the isolated 
loop was still deeply stained. 

That insulin does disappear from the contents of an isolated ileac 
loop is shown by the following experiment: After ^ preliminary 
washing of the isolated ileac loop with water, 100 units of insulin 
in a, volume of 5 cc. were instilled into the loop. One hour later 
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the loop was washed twice with 5 cc. of water; the entire volume 
of water was recovered. No change was produced in the sugar of 
the blood of this animal. The insulin from the ileac loop, washed 
out after 1 hour, was then injected subcutaneously into a dog 
weighing 6.1 kg. The sugar of the blood at the time of injection 
was 85 mg. in each 100 cc. and at intervals of 30 minutes after- 
vmrd was 74, 47, 52, 54, 72, 84, and 86 mg. in each 100 cc. Thus 
it is seen that sufficient insulin remains after having been 1 hour 
in the loop to produce a definite decrease in the blood sugar of an 
animal after subcutaneous injection. It is clear, also, that , about 
90 per cent of the insulin instilled in the intestinal loop had dis- 
appeared within an hour. 

If destruction of insulin was caused by enzymes within the lumen 
of this portion of bowel, it was considered that comparable destruc- 
tion should occur if the washings of this loop were incubated with 
insulin. One hundred units of insulin in a volume of 5 cc. were 
instilled into an isolated ileac loop which had not been washed for 
several days. Five minutes later this was washed out with 6 cc. 
of water ; a small portion of the washings was unavoidably lost. The 
entire volume of recovered fluid was 6 cc., which was incubated at 
37° C. for 1 hour and 30 minutes. The entire solution was then 
injected subcutaneously into a dog weighing 6.6 kg. At the time 
of injection the blood sugar was 83 mg. in each 100 cc. and at 
intervals of 30 minutes following it was 65, 58, 52, 52, 50 and 45 mg. 
at which time hypoglycemic commlsions occurred. The animal 
recovered immediately after intravenous injection of 15 gm. of 
glucose but later died of hypoglycemia. This experiment indicates 
that little enzymatic substance capable of rapidly destroying insulin 
is present witliin the isolated ileum. ' 

Comment. Experiments on animals with a loop of ileum isolated 
from the remaining portions of the gastrointestinal tract failed to 
show evidence of effective absorption of insulin, but these experi- 
ments appear to be more instructive. With the demonstration that 
insulin injected submucously in the ileum is of approximately similar 
effect to that injected subcutaneously in producing decrease in the 
sugar of the blood, it would appear that any appreciable absorption 
from the mucosa, or unaltered insulin, would likewise decrease the 
sugar of the blood. Since washings from the loop of ileum 1 hour 
after instillation of insulin produced definite lowering of the con- 
centration of glucose in the blood of dogs following subcutaneous 
injection of tliese washings, one is jiistified in assuming that all of 
the insulin was not destroyed within the loop. From a quantitative 
standpoint it appears that about 90 per cent of the insulin instilled 
in the loop of ileum disappears udthin an hour. The sugar of the 
blood was not altered by the large amount of insulin that disap- 
peared. It must have been destroyed either within the lumen of 
the intestine or within the mucosa. If enzymes secreted into the 
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lumen of the bowel destroyed insulin rapidly, washings from this 
portion of the intestine should destroy insulin when incubated with 
it. Experiments showed that insulin was not rapidly destroyed by 
incubation after having been washed through a portion of the ileum. 
It would appear that insulin is destroyed by the mucosa of the 
intestine. The effectiveness of concentrated insulin appears as evi- 
dence that the intestine is not impervious to this substance, and 
also indicates that the inactivation of insulin by the mucosa of 
the intestine may be incomplete if absorption is sufficiently rapid. 

From the work of Fisher, and Fisher and Noble, one might pos- 
siblj'^ conclude that the insulin is not destroyed by the intestine but 
that it may be inactivated and excreted by the kidneys. They found 
that insulin administered by a Thiry fistula lowered the blood sugar 
of depancreatized dogs and of normal puppies, but that it was 
without effect on normal dogs. Large amounts of insulin were 
recovered in the urine following the enteral administration of 
insulin to normal and to diabetic dogs. 

It should be emphasized that in all of our experiments normal dogs 
were used and that any conclusions concerning the action of the 
intestine on insulin must necessarily refer only to normal tissues. 
It is possible that in pathologic conditions such as diabetes, alter- 
ations in the permeability of various tissues may be present. 

Summary. Large amounts of insulin may be instilled directly 
into the duodenum, jejunum or ileum without any appreciable 
effect on the sugar of the blood of normal dogs, except for the slight 
effects when concentrated insulin was used. The addition of acid, 
blood, or bile to insulin thus administered did not alter this. If 
insulin is injected into the lumen of an isolated portion of ileum 
the blood sugar of the animal is not affected, but small amounts 
of insulin given submucously produce typical hypoglycemia. Insulin 
gradually disappears from within the lumen of the ileum. With 
the doses we have used, sufficient insulin remains after 1 hour to 
produce definite hypoglycemia if injected subcutaneously. Insulin 
incubated with ileac washings is not so rapidly destroyed. It would 
appear that the intestinal mucosa inactivates insulin so that it is 
not effectively absorbed. Small amounts of insulin may escape 
inactivation if sufficiently concentrated insulin is applied to the 
intestine. 
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jSIany cases of coronary occlusion do not show characteristic 
clianges in routine electrocardiogram. It seems that there are 
“silent areas” in the heart where infarction may occur without 
producing a deviation of the S~T interval from the isoelectric line 
in any of the three conventional leads. During some recent animal 
experimentation’^ we found that typical electrocardiographic evi- 
dence of cardiac infarction could be recorded after occlusion of 
arteries supplying hitherto silent areas. To do this it was necessary 
to depart from the three conventional leads and to lead the cardiac 
action currents to the galvanometer from new points. Shortly 
after these experiments were completed a patient presented her- 
self u'ith a clinical picture typical of coronary occlusion, but with 
no electrocardiographic indications of the presence of such a lesion. 
(Fig. 1-A, Leads I, II and IIL) We, therefore, departed from tlie 
three conventional leads, applied the electrodes to the anterior and 
posterior surfaces of the chest wall and obtained striking deviations 
in tlie S-7' interval from the isoelectric line. (Fig. J~A, Lead IV.) 
The results obtained in this case and in another subsequent one 
(Fig. 2) make it apparent that tlie anteroposterior chest lead 
(Lead W) is an important adjunct to the routine electrocardiogram 
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in the diagnosis of certain cases of coronary occlusion. Craib^ 
has discussed the ‘'silent areas’’ in the heart and has outlined the 
reasons for their failure to affect the electrocardiogram taken from 
the conventional tliree leads. Chest leads have been employed by 
various investigators for many years in the study of the heart. 
Waller/ in his original work wifi the capillary electrometer, in 
1887, placed his electrodes directly on the chest wall. Lewis has 
used this method repeatedly since 1909,^ especially in his studies of 
the mechanism of auricular action. However, so far as we are 
aware, diest leads have not been employed hitherto for the clinical 
study of cardiac infarction. Certainly, if they have been, the 
results are not commonly Imown. 

Case Reports. Case 1. — M. K., a white female, aged 76 years, was 
admitted to the Hospital of the University of Pennsylvania (Dr. Stengel’s 
service) on September 14, 1931. She had had mild diabetes for at least 
7 3’’ears, and was known to ha^m had a slight elevation of blood pressure 
(160 systolic and 90 diastolic) before the onset of the present illness. In 
other respects her past medical history is irrelevant. She had been enjoying 
her usual state of health until September 1, 1931, when, while walking on 
the street, she was seized with a severe paroxysm of pain in the precordium 
and epigastrium, accompanied by a feeling of suffocation. She collapsed 
in a nearby drugstore. The attack lasted 20 minutes and then disappeared 
completely, leaving only'a sense of fatigue. A second attack occurred after 
she had eaten her supper on September 5. It was similar to the first and 
lasted 10 minutes.^ On September 12, at 11.30 p.m., when the patient was 
in bed, a third attack of pain seized her. It was similar in location to the 
other two, but it was much more severe and lasted for 5 hours. Morphin 
was required for relief. The blood pressure at that time was 180 systolic 
and 100. diastolic. A fourth attack occurred at 7 a.m. on the day of admis- 
sion to the hospital, September 14. It was the most severe of aU and 
lasted until the patient had been quite heavily narcotized with morphin 
at 11 A.M. A definite soreness of the precordium continued for more than 
24 hours. 

Physical examination on admission showed an elderly wliite woman with 
a temperature of 97° F., a pulse rate of 100 and a respiratory rate of 22 per 
minute. She appeared acutely ill. She was restless and slightly cyanosed. 
There was an odor of acetone on her breath. There was definite tenderness 
over the precordium. The heart was not demonstrably enlarged. The 
cervical veins were not engorged. The heart sounds were regular and of 
normal intensity. No murmurs were heard. .There were crackling rales 
at the lung bases. The abdomen was distended. The liver was not palp- 
able. There was no edema of the feet or sacrum. 

Diagnosis. The patient’s history and examination suggested the diag- 
nosis of coronary occlusion. 

Course. This diagnosis was born out by the subsequent course of events: 
(1) There was a rise of temperature to 101° F. for several days, then a 
gradual subsidence. (2) The leukocyte count was 16,000 on September 14, 
14,000 on September 17 and slowly decreased to 9800 on September 28, 
1931. (3) Although there was no acute shock on admission (blood pres- 

sure, 155 systolic and 90 diastolic), b}’’ the next day, September 15, the 
pressure had fallen to 110 systolic and 60 diastolic. It then began to rise 
slowL’-, reaching 130 sj’’stolic and 90 diastolic on September 18, and has 
fluctuated in that region ever since. (4) A definite friction rub was heard 
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at the apex on September IB. It dis-appeared tli6 next clay. (5) There 
was a moderate decree of _ tachycardia (t)0 tn IJO) for several d.ays after 
admission. T!)e rate .subsided to 7.o durinp tiie counso of the next 2 weeks. 
(G) IDefinitc .signs of congestion dcvelo})cd at the. lung bases, persisted for 
10 dny.s and then cleared up gradually. 

The patient’s cliabetea and acidosis were ])romptly controlled with 
glucose, insulin and dietary inca.sures. Dysuria and abdominal distention 
were troublesome, but finally yielded to treatment. Tiie jiaticnt made a 
tardy recovery. .\t the present WTiting, October 20, 1031, she is appar- 
ently well on the road to a healing of her infarct but she still remains weak 
and incajiacitated for any exertion. 

The dcctroamlwgraphic dwUcs constitute the center of our intcrc.st in 
this ca.«e. Tracings wore taken daily from the day of admi.'J.^ion, .Scjiteinber 
14, until September 10. then every other daj' until October 2, 1921. Since 
then they have been made at intervals of 4 to B d.ays. The three conven- 
tional leads rycre taken with the jiatienl in the semirccumbent po.sition in 
bed. In addition, a chc.st lead was u.«ed. (This lead h.as been de.«ignatcd 
Lead IV for the sake of convenience.) The followng method was em- 
ployed; Pads moistened in warm saline were placed over the front and 
back of the chest, .apjiroxiinatcly at the cardiac level, ju.st to the left of 
the midline. The ordinary German silver electrodes were ])laccd over 
these pads. The anterior electrode was connected to the right arm lead 
ndre. The po.sterior electrode was conncctcrl to the left arm lead wire. 
A siinjdo method of holding the electrodes snugly in place was found to be 
the use of a ;-inch rubber tube stretched fairly tightly around the chest 
over the electrodes and clamjied at the ends uith a hemostat. It is vital 
to have the resistance low, and to standardize the string accurately. Over- 
shooting may i)roduce changes in the electrocardiogram of normal indi- 
xadunks, which might be confused with significant S-T interval deviations, 
llubbing the .skin with alcohol, burnishing the electrodes and keeping the 
jiads hot and closely applied to the skin arc the main precautions necessary 
to prevent overshooting. 

The following three jioints are brought out by the tracings (Fig. 1): 

(1) Tiie progressive changes which took place in Leads I, II and III during 
the course of the first 4 weeks suggest the diagnosis of coronary occlusion. 

(2) Of all the 20 tracings taken from time to time by the three conventional 
leads, no single tracing gai'o any indication of the jirescnce of a myocardial 
infarct, except possiblj' that taken on September IS, 1931. (Fig. 1-B.) 
Even in this tracing the Jf-T inter\-al elevation did not exceed 1.5 mm. 

(3) Lead IV (the chest lead) gave unmistakable diagnostic information 
the verj" first day and continued to do so for S days after the infarction. 
From the eighth to the sixteenth day the evidence was less definite, but cer- 
tainly suggestive. The marked depression of the S-7’ interval, which was 
present during the first week subsequently gave place to an upright T wave. 

Case 2. — A business man, aged 62 years, was apparently well until 
October 3, 1931. That night he had a brief attack of pain in the left side 
of the neck and precordium. On October 5 at 8.30 r.M., while walking home 
he was seized witli a very severe pain also located in the neck and pre- 
cordium. He was barely able to reach home. His phj'sician. Dr. C. I. 
Ulmer, was immediately summoned. The pain persisted for 2 hours 
despite the prompt administration of morphin. On October S the patient 
had a second severe attack, lasting 2 liours, also requiring morphin for 
relief. Since then he has had no more actual pain. However, during 
October 15 and October 16 he was very badly bothered with a great 
deal of gas in his stomach. 

He was first seen b 3 " one of us on October 17, 1931. He had a slight 
fever (99° F.) and a moderate leukocj’tosis (13,000) until October 24, 
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■The normal contour of Lend IV — tljo anteroposterior chest lead. The P wave is usualb' inverted, a O wave is 

Rcnerally present and the T wave is inverted. 
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His blood pressure was 130 systolic and 70 diastolic. (It had been recorded 
at 160 sj’^stolic a few weeks prior to the present illness.) There was slight 
cyanosis of the lips and nail beds. The heart sounds were normal and not 
unduly rapid. There was no pericardial friction, and no evidence of cir- 
culatory failure. He had a brief, mild pain in the throat on October 18, 
somewhat similar to the more severe pains referred to above. Since then 
he has had no suggestion of cardiac pain. 

The electrocardiographic studies of this patient are sho'wn in Fig. 2. The 
following facts are brought out: (1) The progressive changes in the trac- 
ing are highly suggestive of a recent coronary occlusion. (2) The appear- 
ance in Lead I, when considered in conjunction \vith the clinical picture, 
practically establishes the diagnosis of myocardial infarction. (3) As in 
Case 1, Lead IV shows the most strildng electrocardiographic phenomena 
(a 3-mm. S-T interval deAuation).* 

Thirty-three controls (20 normals and 13 patients with cardio- 
vascular disease) have been studied by means of Lead IV. The 
normal tracing in this lead is illustrated in Tig. 3. The P wave is 
often inverted. The Q-R-S complex is often of higher voltage 
than that seen in the other three leads. There is usually a deep 
T wave. The T wave is inverted.! Deviations of the S-r interval 
from the isoelectric line were not seen in this group. We presume 
that when S-T interval deviations appear in Lead IV they prob- 
ably have the same significance as when they occur in the three 
conventional leads. That is, they are nearly, but not quite, pathog- 
nomonic of myocardial infarction.® 

Comment. Apparently Lead IV will bring to light infarcts in 
areas hitherto electrocardiographically silent. Probably there are 
no truly “silent areas” in the heart. An infarct of appreciable 
dimensions! will probably always produce a recordable change in 
the action current of the heart, no matter where it is situated. The 
reason why certain parts of the heart muscle do not affect the routine 
electrocardiogram is probably because the axes of our conventional 
leads have not been suitably placed to record changes in tlie action 
current in these areas.- It is possible, therefore, that other chest 
leads besides Lead IV may occasionally be useful. 

It is possible that Lead IV may find a place in routine electro- 
cardiography. It would seem logical to use it, since it appears to 
give information concerning the condition of parts of the heart 
muscle which do not produce effects on the routine electrocardio- 
gram which we are able to recognize as significant. In certain of 
our controls with cardiac damage we found T waves opposite in 
sign to the normal. 

If conclusions are to be drawn from minor daily variations in 

* Follow-up c.xamination on November 27, 1931: the S-T interval in Lead IV 
had returned to the isoelectric line; the T wave was +4 mm. Recovery had been 
uneventful and satisfactory; Ti was —3 mm., Y; was +1.5 mm., Ys was +4 mm. 

t An inverted mirror image of this tracing with no Q wave and an upright T wave 
can be produced by reversing the lead wires. 

t The exact size of an infarct necess.ary to produce a detectable change in the 
electrocardiogram taken from the surface of the body has not Ix-en determined. 
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tlie contour of tlic tracing in Lend IV tlic relation of the electrodes 
to the heart should he kept constant. We paid no attention to 
minor variations in tlic position of the electrodes and Jiave not drawn 
conclusions on these grounds. 

Changes of so-called " specific” nature liavc been noted in 50 per 
cent of attacks of angina pectoris.® It is possible that the incidence 
of ".specific” cliangcs might be greater if four leads were used instead 
of three. 

Barnes and IVhitten" have shown tliat it is often possiiile to 
localize a myocardial infarct by means of tlie electrocardiograph. 
Lend IV should assist materially in accomplishing this. In tlie 
light of the results of our animal experimentation we would c.xpcct 
an anterior infarct to jiroduce an 5-7' interval depression in Lead IV, 
whereas a posterior infarct sliould jiroducc an /i-T elevation.* 
According to this hypothesis, we sus])ect that both of our patients 
suffered infarction of flic anterior wall of the left ventricle. This 
suspicion is strengthened bj' the electrocardiographic phenomena 
in Leads I, II ucd HI- The expected siilisequent development of 
a T wave of the ojipositc sign was noted in Case 1. A final evalua- 
tion of the usefulness of Lead IV in the localization of myocardial 
infarcts will necessarily await combined electrocardiographic and 
necropsy study of a series of cases. 

Summary and Conclusions. Two eases are reported to illustrate 
the use of Lead IV (an anteroposterior cliest lead) in the electro- 
cardiographic diagnosis of coronary occlusion. In Case 1 the tliree 
conventional electrocardiographic leads yielded little or no diag- 
nostic information e.xcc])t on tlie fourtli day. Nevertheless, for 
8 days after the original infarction Lead W showed striking and 
unmistakable deviation of tlie S-J' interval from the isoelectric 
line. In Case 2 both Leads I and IV showed exddence of coronary 
occlusion. Lead IV showed a much more striking S-T interval 
deviation than was seen in Lead I. 

In a series of 33 controls deviation of the S-T interval from the 
isoelectric line was not seen. WJien S- T interval deviations appear 
in Lead IV they probably have tlie same significance as when they 
occur in tlie three conA’^entional leads. 

The cmplojunent of chest leads adds materially to the usefulness 
of the electi-ocardiograph in the study of certain cases of myocardial 
infarction. Vdien the three conventional leads show no evidence 
of coronary occlusion, Lead lA^ may show striking deviations of the 
S-T interval from the isoelectric line. 

It is apparent that certain of the areas of the myocardium whicli 
are “silent” in tlie three conventional leads have a definite effect on 

Lead LV. ’ , . 

The usefulness of Lead in routine^ electrocardiography and m 
the location of myocardial infarcts is discussed. . 

* Those statements apply only if the lead "wires are attached as specified above. 
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AURICULAR FIBRILLATION. 

- Its Etiology, Age Incidence and Production by Digitalis 
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Heart failure is associated so frequently with auricular fibrilla- 
tion that the relationship between the two is now clearly established. 
The modus operandi of this relationship is not, however, clear, and 
this point, along with certain prognostic considerations, has been 
the subject of much speculation. Despite a number of excellent 
statistical reports upon the subject of auricular fibrillation, several 
important points have not been emphasized. Among the latter 
can be included the great rarity of auricular fibrillation in the various 
forms of syphilitic heart disease, the age incidence of the arrhythmia 
and the production of auricular fibrillation as a result of too enthu- 
siastic administration of digitalis and its products. An attempt 
will be made in this paper to illustrate these points by a review of 
the material collected in The Johns Hopkins Hospital. 

Since the publication of Mackenzie’s”^ original observations many 
authorities have confirmed the fact that fibrillation of the auricles is 
almost the rule when a heart, crippled by mitral stenosis, is no longer 
able to meet the demands of the circulation. It is also known that 
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Juiriouliir filirilliitioti is ntn; in tliscnsc of flu* aorta or of the aortic 
valves. Jn Lewis''*' series of 102 ea.s(!.s of auricular filjrillation 
per cent had mit ral stenosis and hiil .').{) jaa' cent had aortic valvular 
fiiscase while d().7 j)er ccjit pave a iiistory of rheumatic fever or 
chorea Jind but 0.7 [)cr cent had a history of syphilis. In the series 
oLhoO cases reported by Brachman- 37 percent had mitral stenosis, 
3( per cent “appeal'd to be primary myocardial" and l.-l per cent 
lUid aortic dipcuso aloia*. Cooksiju .'U!! cases, scon ut the J.yon(lon 
Hosj)ital, were distrilnited as follow.s: postrlieumatic licart disease 
09 per cent, nonrheumatic heart disease (inclndinp the instancc.s 
of hyiH'rtension and arteriosclerosis) 22 per cent, exojdithahnie 
goiter 7 per cent and syphilitic; aortitis 2 per cent. 

A study has been made of the records of oin jjatients seen here 
during the past 12 years in wliom the clcctrociirdiograms have at 
one time or another shown auricular fibrillation. This .series em- 
braces all the in.stnnces of auricular fibrillation recognized among 
the eleclrocardiographie records of the hospital during that period. 

Etiology. From tin; clinical notes anrl from the necropsy proto- 
cohs, wlicn such have been available, the cases have been divided 
into groups, according to etiology, as indicated in Fig. 1. 

Patients with rheumatic heart disease (mitral stenosis alone or in 
combination with other valvular lesions) constituted the largest 
.single group— forming .'M.d per cent of the total inimber. The 
“arteriosclerosis” group, comprising 31.1' per cent of the total, 
contains those elderly individuals with generalized arteriosclerosis 
in whom the systolic idood pressures at the time of examination 
were not above l.oO mm. of mercury.* In the “hypertensive" 
group arc included those cases in which the systolic blood pressures 
were above 130 mm, of mercury (a purely arbitrary figure). In 
some cases arteriosclerosis or renal disease was also present. Under 


the heading of “emphysema" arc grou])cd those patients in whom 
the conspicuous abnormality aj)])earcd to be chronic bronchitis, 
emphysema or fibroid pulmonary changes of long standing. ^ A 
certain degree of arteriosclerosis was of course present in the major- 
ity of the latter cases as they fell in the later decades of life. It is 
of particular interest tluit auricidar fibrillation was associated with 
syphilitic cardiovascular disease in but 3 per cent of the total series. 
This point will be discussed more fully later. 

Age Incidence. The age incidence of auricular fibrillation corre- 
sponds closely to that of myocardial insufficiency resulting from 
rheumatic and degenerative forms of heart disease. The percentage 
occurrence in various decades is dependent upon the type of clinical 
cases encountered, and is, therefore, not strictlj^ comparable in 
different series. Some authors note the age at onset and others 


* Cookson® uses the term “ nonrheumatic ” rather than "arteriosclerotic to 
characterize this group. Because of its questionable etiology it has been referred 
to in the French literature as the “primitive type.’’ 
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'iG. 1. — Shows the distribution according to etiology of 575 cases of auricular 

fibrillation. 
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Fig. 2. — Shows the distribution in percentages according to age groups in 
575 cases of auricular fibrillation. 



as 


MCK.\C1IKRN, BAKKU; AUUICULAU KIBIUIJ.ATION 


the age at wliich auricul.'ir fibrillation was first rccogni'/cd. In 
iVIaokcnzie 8“ scries of 500 cases of auricular fibrillation the greatest 
ineidonce was in the decade from 50 to 00; in \YiHins’« 500 cases, 
between 51 and 00, and in Cowan and Ritchie’s" scries of 300 cases’ 
between *10 and dO. The incidence of rhemnatic heart disease, 
which tends to cause auricular fibrillation in the earlier decades’ 
is rather high in the latter series. Jn 7S rheumatic cases rccorderl by 
Cooksnn® the onset of auricular fibrillation occurred between the 
ages of 12 and 17 in almost one-third (23 cases). 

In the ])rc.scnt series, as will be seen by reference to Fig. 2, the 
highest incidence of auricular fibrillation was in the decade from 
50 to 00. 

Auricular Fibrillation in Childhood. Considerable interest has 
centered of late upon the incidence of auricular fibrillation in child- 
hood. FAamples of it are scarcely ever seen in the first decade, 
and the 3 instances in this scries are therefore noteworthy. This 
figure probably rejirescnts fairly well the frequency of occurrence 
of the irregularity in a general hospital. Willius^'’ noted no case 
occurring in the first decade among his 500 cases and Cowan and 
Ritchie" no instance in 300 cases. In 1 164 cases of auricular fibrilla- 
tion at the I/ondon Hospital, Cookson*' found 30 (2.5 per cent) 
below the age of 17 and added 5 from other sources. In only 10 
cases was there proof by graphic records. There was no instance 
occurring below the age of 12 years. Auricular fibrillation in 
Kadcl's'' case in a boy of 11 and in Ncuhof’s-® case in a boy of S 
was the result of digitalis therapy although rheumatic heart disease 
was present in each. Two well-authenticated instances of auricular 
fibrillation occurring in the first decade have been recorded by 
Leys and Russell and Sutherland and Coombs^® respectively; 
the first in a boy of G with questionable diphtheritic myocarditis 
and the latter in a boy of 5 with acute rheumatic fever. Cookson® 
in 1929 was able to collect from the literature 13 instances in which 
auricular fibrillation appeared during the first 10 years of life; 
several of tliese cases are doubtful. Resnik and ScotF’ have recorded 
the youngest case of auricular fibrillation in the literature for which 
there is graphic proof. Their case Avas in a boy 4 years of age 
(Case 3 of our series), who had rheumatic heart disease. The other 
2 cases are described briefly below. 

Case Reports.—CASE 1. -N.E., female, aged 8 years (H. L. H. 65378), 
Avas admitted to the hospital Januarj- 3, 1930, and died January 15, 1930. 
The child was Avell until the age of 6 when she developed scarlet feA'er which 
was followed by a rather seA'ere attack of rheumatic fever and the family 
was told that the heart was “involved.” Because of a general decline in 
health with weakness, fever, loss of weight and anorexia for a year she was 
admitted to the hospital. On admission there was slight fever, tachycardia, 
tachypnea, pallor, undernutrition, an enlarged heart vdth classical signs 
of mitral stenosis v-ithout signs of congestive heart failure. On the second 
day after admission without any other change of significance in her general 
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condition auricular fibrillation set in. She was then digitalized rapidly 
with a satisfactory drop in pulse rate but without restoration of normal 
rhythm. Finally a week after the onset, as congestive failure had not 
developed and as a totally irregular cardiac rhythm persisted, she was 
given 1 gm. of quinidin in divided doses over 16 hours. The administration 
of the drug was apparently accompanied by no untoward symptoms until 
a few minutes before death when the nurse noted that she was groaning 
and in much discomfort and before the house officer had arrived she died. 
A postmortem examination was not permitted. 

Case 2. — K. D., male, aged 8 (H. L. H. 57863), was first admitted to 
the hospital May 18, 1928, and died December 3, 1929. Postmortem exami- 
nation revealed subacute rheumatic endocarditis involving all the valves 
and the endocardium of the left auricle, rheumatic myocarffitis and chronic 
passive congestion of the lungs, liver, spleen and kidneys. 

Fifteen months before entry he was ill for 3 months with severe rheumatic 
fever. Five months before entry the rheumatism recurred. On admission 
there was slight fever, emaciation, pallor, occasional choreiform movements, 
numerous subcutaneous fibroid nodules and signs over the heart that sug- 
gested mitral stenosis and insufficiency without congestive failure. An 
electrocardiogram revealed normal sinus rhythm. He did not do well but 
went home for short periods twice before the final admission. A year and a 
half before death, congestive heart failure became conspicuous and he was 
digitalized. From then until death heart failure and rheumatic infection 
progressed slowly. In September, 1929, he was admitted with well-marked 
heart failure and auricular fibrillation. For months he had been taking 
only maintenance doses of digitalis. After a week on quinidin the cardiac 
mechanism reverted to normal and remained so though he slowly grew 
worse and died December 3, 1929, 

Case 3.— Reported in detail by Resnik and Scott,®® 


Schwartz and Weiss^® studied 60 consecutive cases of rheumatic 
heart disease in children between 5 and 15 years of age who had 
been admitted to the Montefiore Hospital in New York. Auricular 
fibrillation was found in 10, at one time or another, and 4 of these 
were below 10 years of age. They maintained that this cardiac 
irregularity in young children was more frequent than is generally 
believed, and suggested that careful and continuous observation 
was necessary in order to recognize it. From the case histories it 
would seem highly probable that auricular fibrillation was brought 
on by digitalis in some instances. Certainly few observers would 
agree that the high incidence in the Montefiore series represented 
the usual experience. 

The following table compiled by Cookson® clearly indicates the 
grave prognosis that is associated with auricular fibrillation in 
childhood as compared to the later decades. c 


The Expectation of Life in Rheumatic Cases with FiBRiiiLATioN Classified 
Accobding to Age of Onset. (After Cookson.) 


Age at onset of No. of Duration of 

fibrillation. cases. life. 

12 to 17 23 10.0 months 

18 to 28 22 4.5 years 

28 to 38 16 6.5 years 

38 to 48 8 5.8 years 

Over 48 9 4.1 years 
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'Fills o.xperioiici; is illustrated in t.iir :! (■ast:s described 
which death oeeurred 10 days, monllis and 10 luonth.s res 
after the onset of auricular fibrillation. 


above in 
jieetively 


No attempt is marie here to separate the instanee.s of paro.vysmal 
auricular fibrillation from those in which the arrhythmia was per- 
manently establisherl. Such a rlistinetion is satisfaetr)rv onlv when 
the ])atient has been observed during an attack and Inter during a 
period of normal rhythm. I'urthermorc, a eomparison of 200 ease.s 
of paroxysmal anricnlar fibrillation, reported by I’arkinson and 
CainpbelF’® yifb a .similar group exhibiting established auricular 
fibrillation'* indieate.s that the dilterent forms of cardiac disease 
occur in e.ssentially the same j«;rc-entages in each grouj). In the 
jiaroxysmal fibrillation as ojiposed to the jiermanont form, hyper- 
tensive heart di.sea.'^o disiilaees rhenmatie heart disease as tlic com- 
monest cause. Although “infective” or “toxic" causes may be 
arbitrarily placed in a .separate grouj), in a consifieration of the 
etiology of paroxysmal auricular fibrillation, it is well recognized 
that there is eoexistiint organic heart flisca.se in most instances. 
It is safe to assume that imrieular fibrillation, of either the transient 
or ostabli.shed form, seldom occurs in a perfectly normal heart. 

Certainly paroxysmal auricular fibrillation frequently ])as.se3 over 
into the established irregularity later and in many of tlie.se instances 
is ultimately shown to have an organic substratum. Parkinson and 
Cam])beH''® have discussed this jioint in their scholarly review. The 
occasional exoejition to this rule must he recognized, however, and 
there aj)i)ear to he a number of well-authenticated instances of 
paroxysmal auricular fibrillation occurring in the complete absence 
of any evidence of cardiac disea.se. 

Paro.xy.sms of auricular fibrillation, in the absence of evident 
heart disease, have been shown to result from many causes— drugs, 
infections, trauma, ))hysical overexertion and numerous other 
factors. The literature on this subject is fully covered in the articles 
of Cowan*® and of Parkinson and Campbell.®'’ Digitalis, the most 
important of the agencies referred to above, will be considered 
later. 

Auricular Fibrillation in Syphilitic Cardiovascular Disease. The 
extreme rarity of auricular fibrillation in cardiac disease due to 
syjihilis lias been noted by a number of writers but is not a matter 
of common knowledge.* Carter and Baker® have stressed the point 
in a recent papef. • Auricular fibrillation is so unusual in such 


* ribriiiafioii of tfie auricles is rare also during the active stages of infective 
endocarditis,” in association v-itli angina’ and in heart failure due to obstruction m 
the pulmonary circulation.” The low incidence of auricular fibrillation following ' 
coronarj> occlusion has been noted by Parldnson and Bedford.” Lenne>' has shoira 
that the percentage is in fact considerably higher. The high incidence (25 per cent 
of cases of coronary occlusion) observed in the latter series however has little bear- 
ing on the subject of permanent auricular fibrillation since in many instances the 
arrhythmia was temporary and was recognized only by continuous obsen-ation m 
the hospital. 
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instances that its presence militates strongly against the diagnosis 
of cardiovascular syphilis in a given case. The reason for this infre- 
quent association is not apparent, unless it be dependent upon the 
fact that the damage in cardiovascular syphilis is limited to involve- 
ment of the aorta and aortic valve, the mitral valve and the myo- 
cardium usually being unaffected. Auricular fibrillation is also 
uncommon in disease of the aortic valve due to causes other than 
sj’-philis. Indeed it is less commonly met with in combined lesions 
of the aortic and mitral valves than in disease of the mitral valve 
alone. This vexed question of the ultimate cause of auricular 
fibrillation, although outside of the scope of the present report, 
will be discussed in brief, later. 

In a series of 100 patients exhibiting heart failure with a normal 
rhythm^^ cardiovascular syphilis was present in 21 per cent. On the 
other hand among Campbell’s^ cases of auricular fibrillation only 
2 per cent were associated with syphilitic cardiovascular disease. 
Similarly but 13 (2.6 per cent) of 499 instances of auricular fibrilla- 
tion reported by Willius'‘“ were grouped under aortic insuflficiency. 
No note was made of the etiology of the latter though syphilis was 
doubtless responsible in the majority of instances. Cowan and 
Ritchie, over a period of 10 years, saw only 12 cases in which 
auricular fibrillation was associated with “aortic incompetence.” 

A positive blood Wassermann reaction was present in 8.6 per cent 
of Levine’s'® series of 128 cases of auricular fibrillation. This 
rather high figure fails, however, to indicate the actual incidence of 
cardiovascular syphilis in his series, since aortic aneurysm was 
present in 2 instances, aortitis in 2 and “chronic myocarditis or 
chronic endocarditis and mitral stenosis or both” in 7 instances. 
Cohn,’' in quoting the older series of Frey (100 cases) and Semerau 
(111 cases), has noted that no cases of auricular fibrillation due to 
syphilitic cardiovascular disease occurred in the former group. 
Syphilis appeared to be the cause of the arrhythmia in 6.3 per cent 
of Semerau’s cases. It should be noted, however, that 82 of the 111 
cases in his series were drawn from military life. 

In the present series auricular fibrillation was associated with 
syphilitic cardiovascular disease in only 3 per cent of the total 
number of cases. This is especially noteworthy for, due to the large 
number of negroes seen in this clinic, syphilitic aortitis is recognized 
as being present in 15.14 per cent of all patients admitted to the 
hospital with heart disease. The actual occurrence as proven at 
autopsy is even greater. A review of the records of those patients 
with cardiovascular syphilis who have exhibited a totally irregular 
rhythm has brought to light certain instructive facts. 

There were 18 cases in this group or a little over 3 per cent of the 
entire series. At autopsy 1 of these patients had old rheumatic 
endocarditis with mitral stenosis, syphilitic aortitis with insufficiency 
of the aortic valves and a huge aneurysm of the aortic arch. 
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Autopsy In miotlicr case deinonstmtcd that tlieru bv'is, In addition 
to syjihilitie aortitis, an extensive arteriosclerosis of tlic puimonarv 
artery, probably .syphilitic in origin. There was great liypcrtrophy 
luiti (liliitntion of the right ventricle, Tu'o other patients were 
young Avoinen Avbo at autopsy were shown to Imve syjdiiiitic aortitis 
Bhich did not involve the aortic valves. Tliere Bas extensive 
myocardial scarring Bliicli B-ould .sccjn to be justifiably termed 
syidiilitio inj'ocarditis.* The coronnr>' vessels B'erc normal. 

Induction of Auricular Fibrillation by Digitalis, Especially as Regards 
Syphilis. The remaining 14 .syphilitic patients presented the classi- 
cal picture of syphilitic aortitis with aortic insufTieicncy. Five of 
these had auricular fibrillation on admission B'hich did not seem to 
be a.s.‘'odnted B-ith any form of tbernjiy. In the remaining 9 patients 
it appeals probable that auricular fibrillation B'ns associated B’ith 
tlie administration of digitalis. Arnckenzie-’ pointed out, in 1911, 
that auricular fibrillation might result from effective doses of digi- 
talis. j In an earlier report-^ sucli a case B’ns described although 
the relntionshi]! Bas not clearly recognized. The single cases 
reported by Daiiiclopolu,’’ Ijy Nadel-' and by Ncuhof,-® the 3 cases 
of Parkinson and Campbell^® and the 2 of Scluvartz’" appear to be 
A-alifl instancCvS of this relationship. In 2 earlier cases reported by 
Selnvartz*® it seems likely that the attacks B’cre precipitated by 
digitalis. The latter cases arc of interest in that auricular fibrillation 
did not disaj>pcar until 4 to 6 B'ceks respectively after the drug bad 
been discontinued. Some of tlic instances of auricular fibrillation 
ii\ Sclnvartz and Weiss’s’® scries of 10 cases in children were, as 
Cookson pointed out, almost certainly tlie result of digitalis admin- 
istration. 

In this group Avith cardiox'ascular syphilis, fibrillation of the 
auricles appears to ha\'c been induced by digitalis in 9 instances, 

5 of Avhich have already been reported by Resnik.” In these 5 
cases the strict criteria, suggested by Resnik as a basis for judgment 
upon the rclationsliip betAveen auricular fibrillation and digitalis 
therapy, As'ere satisfied in cA'ery instance, to Avit; (1) Absence of 
historj" of previous attacks of auricular fibrillation; (2) normal 
rhythm before administration of digitalis; (3) appearance of auricular 
fibrillation after a dose of digitalis shown, by clinical and electro- 
cardiographic eA'idcnce, to be an eflective amount; (4) persistence 
of the abnormal rhythm as long as digitalis is continued in doses 
sufficiently large to compensate for the elimination of the drug; 

(5) reestablishment of normal rhythm after discontinuance of the 
digitalis; (6) confirmation of the changes in rhythm by means of 
electrocardiographic records; (7) exclusion^ of other factors Asmich 

tend to bring on transient auricular fibrillation. 

Although such criteria are necessary to establish actual proot, 

* The cases will be reported in full at a later date. ^ , n • • i 

t Cusbny'^ has produced the same phenomenon expenmentaily in animals. 
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there are frequent instances in which a patent relationship exists 
between digitalis therapy and the onset of auricular fibrillation, 
in which not all of these criteria can be satisfied. This is true of the 
remaining 4 cases in the group referred to above. These patients 
all had severe cardiac decompensation, and thfeir electrocardiograms 
on admission showed normal sinus rhythm. After the administra- 
tion of digitalis in large doses, clinical signs of the therapeutic 
effect of the drug were noted, auricular fibrillation ensued and the 
T waves of the electrocardiograms revealed changes that were 
attributed to the digitalis therapy. Alter the drug was discontinued, 
however, the cardiac rhythm in these 4 patients failed to return to 
normal during the period of our observation, (24, 17, 4 and 2 days 
respectively after the onset of auricular fibrillation). 

It must be pointed out that although the 9 cases reported above 
fall into the group with cardiovascular syphilis, these cases are 
discussed merely to emphasize the rarity of auricular fibrillation 
in this form of heart disease and to illustrate the occasional occur- 
rence of auricular fibrillation following excessive digitalis adminis- 
tration. It is not suggested that there is greater likelihood of digi- 
talis giving rise to fibrillation in syphilitic cardiovascular disease 
than in other forms of heart disease with normal rhythm. Nor can 
such a conclusion be drawn from Resnik’s series (5 out of 7 had 
cardiovascular syphilis) since his material was selected. Certainly 
digitalis was responsible for some of the instances in Schwartz and 
Weiss’s series of auricular fibrillation in children with rheumatic 
heart disease. We have observed several instances of auricular 
fibrillation in patients with hypertensive heart disease in which the 
relationship to digitalis therapy satisfied all of Resnik’s criteria. 
No study seems to be available bearing upon the relative liability 
to the induction of auricular fibrillation by digitalis in various types 
of heart disease with normal rhythm. It is possible that a careful 
analysis of records in all forms of heart disease would reveal more 
cases in which digitalis was responsible for the onset of auricular 
fibrillation. 

The instances reported to date have been observed in patients 
exhibiting advanced heart failure and it would seem probable that 
a greater liability to fibrillation from digitalis exists under these 
circumstanees. It must be remembered, however, that digitalis is 
usually administered in relatively large doses to such patients. 
Brams and Gaberman® have recently completed a study in which 
digitalis was administered in large doses* to 9 patients without 
eardiac disease. Transient auricular fibrillation occurred in 1. 
We have observed the occurrence of fibrillation as a result of massive 
doses of digitalis in 1 patient with hypertensive heart disease who 

* The usual amounts given were 45 cc. intravenously of potent digifolin over 9 
days. 
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stances of this rclationsliip reported to dale have, developed in 
patit-iits with congostivtr heart failure, tlu; ease noted above and that 
of iJrnnis and (itaberinaiv show that, the phenonienon may occur 
in the absence of severe ennf;<-stive lieart failure. 

It is of interest to tiote that in aoricnlar (ihrillafion, induced hy 
digitalis, the veiitrieiilar rate is relatively slow, 'I’his is dne to a 
eoineidentid "btoeking” action of the dni.g thron.gh the vagus upon 
tile binifiie (jf Ilis, as a ri'sulf of which a smaller nnmhcr of the 
irregular auricular impulse's are to reach the ventricle. Atropin, 
therefore, by releasing the vagus freipiently causes a considerable 
rise in ventri(!ular nite in such eases des])ite th(> fact tiiat hy its 
action on the auricular muscle it aetualty tends to slow the* rate 
of eiren.s movement to some extent. In I of the 7 jiaticnts to whom 
]Iesnik*- administered atropin. normal simi.s rhythm was rcestab- 
li.she<l (kS minutes later .apparently as a residt of the atropin. A 
.similar but Jess <’om'ineing case lias been reported by llering.''’ 
Tlie {)art {)la.^■ed by (he atrofiin is doubtful in both instances. 

Tlie onset of tinricular lihrilhiinn <ltio to digitali.s ha.s been pro- 
eeded in every instance by other evidences of digitalis intoxication, 
most frotiuentiy hy the appearance of extrasy.stolcs and coupled 
rhythm or more rarely hy tiie development of nausea, vomiting, 
diarrhea and other eoiicoinitants of digitalis action. No instance 
has been noted in wliieli the develojmieiit of fibrillation seemed to 
liave had any appreciable inflnenec'-cither for lietter or for worse— 
upon the geiicnd clinical condition of the jiatient. After discon- 
tinuance. of digitalis therapy normal sinus rliytlim was usually 
reestablished within a few days. It is ])robalde however, that harm 
would have resulted had the drug been continued and pushed 
still farther after the onset of fibrillation. Under such circumstances, 
ignorance of this point wouhf tempt one to jnish digitalis in the 
bo]:>e of bringing about a normal rhythm whereas discontinuance 
of the drug would actually offer the best chance of obtaining this 
result. The latter is therefore not one of academic interest alone. 

The Cause of Auricular Fibrillation. It is ob\-ious that no one con- 
dition and no single set of circumstances can e.xplain the develop- 
ment of auricular fibrillation in all cases. It appears to be a physio- 
logic abnormality occurring most frequently in liearts that are 
damaged by disease. It has been obsen^ed, however, in individuals 
presenting no e\'iclence whatever of cardiac damage and in such 
instances is usually of brief duration. In the latter cases there has 
been, witfjout exception, some factor of infection, toxemia or over- 
exertion that might conceivably have interfered with the normal 
metabolic processes of tlie heart. Excellent studies are available 
relating to the physiology of auricular fibrillation, to the morbid 



JICEACHERN, BAKER:' AURICULAR FIBRILLATION 45 

anatomy of hearts from patients dying with the arrhythmia and 
to the clinical aspects of the subject. No comprehensive effort has 
been made however to link these phases together. Such a study 
would be well worth while. 

Why does auricular fibrillation rarely occur in patients who die of 
syphilitic cardiovascular disease, while it is almost always present 
before death in the victims of rheumatic endocarditis ? Why is the 
incidence of the arrhythmia lower in patients with combined involve- 
ment of the aortic and mitral valves due to rheumatism than in the 
instances of mitral disease alone? What is responsible for the 
frequent occurrence of auricular fibrillation in hyperthyroidism— 
a condition in which no significant organic lesion of the heart is 
demonstrable?-® Why is fibrillation uncommon during the acute 
stages of rheumatic infection when one might suppose that involve- 
ment of the myocardium was at its height? These and many other 
questions remain unanswered. Brief reference to these problems has 
been made in the papers of Yater,^i of Robinson®^ and of Gossage 
and Hicks. 

In a consideration of the ultimate cause of auricular fibrillation, 
3 obvious possibilities suggest themselves. First, that the normal 
processes of conduction within the auricles are disrupted as a 
result of morbid structural changes in the muscle fibers. That such 
a factor is of great importance is evidenced by the fact that the 
arrhythmia occurs in the vast majority of instances in individuals 
with organic heart disease. Many reports are now available, 
however, bearing upon the morbid anatomy of hearts from individ- 
uals who have exhibited auricular fibrillation during life. There is 
general agreement that no lesion can be found that is specific for 
or distinctive of the arrhythmia. Changes, when found, differ 
in no way from those observed frequently in the hearts of individuals 
who had normal rhythm during life. Conversely, in a number of 
instances of auricular fibrillation no pathologic changes whateA'er 
have been demonstrable in the hearts at autopsy. Yater'’^ has 
recently reviewed the literature and has published a large number 
of personal observations. The reader is referred to his paper for a 
full discussion of the subject. 

In the second place the frequent occurrence of aurcular fibrillation 
in hearts that are the seat of organic disease is susceptible of another 
explanation than the mere disruption of normal pathways of con- 
duction in the auricles by structural areas of block. The nutrition 
and the metabolic processes of the auricular muscle in such cir- 
cumstances must be profoundly altered. The occurrence of auricular 
fibrillation in apparently normal hearts following overexertion, 
hydrogen sulphid poisoning, induced hyperthyroidism, the anoxemia 
of pneumonia, alcoholic excesses, digitalis therapy and numerous 
other drugs and causes is evidence of the profound influence that 
may be produced by alterations in the metabolic acti^4ties of the 
heart. The long continued overwork and high auricular pressures 
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incident to mitral stenosis may produce dmiigcs in tlie nutrition of 
the nuricular muscle of somcAvluit similar character. 

Considerable experimental evidence lends weight to such a con- 
ception. J hus auricular fibrillation can be induced in animals, with 
ease by asphyxia. Similarly large doses of digitalis by direct action 
on the auricular muscle may bring on the arrhythmia even in per- 
fused hearts. 'J'he stimulating paper of Carter, Andrus and Dieu- 
mde^ is illustrative of the fundamental changes that m.ay occur 
in the development and propagation of the excitatory impulse in 
the heart as a result of anoxemia, alterations in the pll of the cir- 
culating fluid and similar factors. Such influences are even yet 
imi)crfcctly understood when np])licd cxpcrimcntjdly. It is entirely 
imimssiblc at the present time to assess their significance in the 
production of auricular fibrillation in the human being. 

The third factor— -that relating to nervous influences is still 
largely of academic interest. Ixiwis, Drury and Bulger’® liave called 
attention to the occasional occurrence of auricular fibrillation during 
vagal stimulation in experimented animals. Andrus and Carter’ 
have shown tlint during vagal stimulation a single induction shock, 
introduced soon after tlie end of the refractory period, frequently 
produces auricular fibrillation. It is conceivable t])at in some 
instances conditions of increased vagal tone may play a part in the 
production of atiricular fibrillation in the human. 

It is impossible to state the relative importance of these three 
factors in the genesis of clinical auricular fibrillation. Any one or 
all three elements may be responsible in a given case. The final 
answer would appear to lie in further studies of the interrelationship 
between the cardiac arrhythmias and certain fundamental changes 
in the metabolism of the myocardium. 

Summary. 1. A study has been made of 575 consecutive cases of 
auricular fibrillation confirmed by electrocardiographic records. 

2. The etiologic relationships to the various forms of cardiac 
disease are tabulated. 

3. The infrequent occurrence of the arrhjdhmia in the first decade 
of life is discussed and 2 additional instances are recorded. 

4. Emphasis is laid upon the rarity of auricular fibrillation in 
syphilitic cardiovascular disease. In the present series, 35 per cent 
of cases were associated with rheumatic heart disease and only 3 
per cent with syphilitic cardiovascular disease. 

5. Note is made of the production of auricular fibrillation by 
administration of digitalis. 
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« 

The subject of auricular fibrillation lifts oceujiied the attention 
of many notable workers, especially since 190.0 wlien its relatively 
common incidence Avas first noted by Botherberg and Winterberg* 
and by Lewis." The incotisi.stoncy tif its appearance iitthe various 
forms of cardiovascular disease, in fact even in the absence of any 
demonstrable cardiovascular damage, and the variable duration 
of life folloAving its onset, have caused a general uncertaintj’’ as to 
its etiology, prognosis and treatment. Tlic widesjiread impression 
that its occurrence foreshadows imminent death is in marked 
contrast to the number of ]iaticnts in whom the duration of life 
after the onset of auricular fibrillation has been from 5 to 15 years. 
Is the answer to this inconsistency to be found in the etiology, 
age of onset or in the treatment of these cases? The published 
works of Paul AYhite,^ Willius,-* Cohn® and Jones® have proAyd 
most interesting and liave prompted us to examine our own series 
in the hope of throAving some further light on this subject. _ . 

The present series consists of some 253 cases treated in our 


* This work has been done through the Eobinette Foundation of the University, 
of Pennsylvania and the M. W. Stroud, Jr., Fellowship in Cardiology of the Penn- 

Bvlvania Hospital. . . /^-i at t 

t Presented before the Association of Amenoan Physicians in Atlantic Oitj . SS. J., 

May 5, 1931. 
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private practice or in the wards or heart clinic of the Pennsylvania 
Hospital in Philadelphia. Only chronic fibrillators have been 
included, those having paroxysmal fibrillation or in Avhom normal 
sinus rhythm returned spontaneously have been eliminated. These 
cases have been followed over a period of at least 1 to 18 years after 
the onset of fibrillation. The diagnosis has been confirmed by 
electrocardiograms in each case. We have endeavored to discover 
first; Some universal cause; none has thus far become apparent. 
Second: Some standards liy which to estimate the probable 
duration of life in cases of chronic auricular fibrillation. We have 
some definite impressions in this direction. Third: The most 
satisfactory method of treatment. In this we believe our observa- 
tions are of definite value. ' 

Etiology. In respect to etiology, we have divided our cases into 
those which were obAuously of rheumatic origin and those of the 
“nonrheumatic” or so-called arteriosclerotic type. We have in- 
cluded in the rheumatic group those with a definite mitral stenosis 
even in the absence of a history of a typical arthritis accompanjdng 
rheumatic fever, chorea and “ growing pains.” We have not divided 
our so-called arteriosclerotic or “nonrheumatic” group into those 
with and without hypertension, although we realize the desirability 
of so doing. A third or miscellaneous group includes cases of 
thyrotoxic etiology, others presumably luetic, since they had 
manifestations of cardiovascular sj^jhilis and, finally, those cases in 
which no etiologic factor was apparent. These three categories 
are comparatively well defined, although occasionally it is difficult 
to distinguish between cases of the arteriosclerotic and miscella- 
neous tjqies. In them, however, we have been able to determine no 
factor which they share in common, either clinical or physio- 
logic, which might account for the incidence of fibrillation. These 
cases differ in every apparent respect, including etiology, family 
history, occupation, age of infection, age of onset of fibrillation and 
degree of cardiac disability at the time of onset of the arrhythmia. 
There is apparently nothing to distinguish beforehand those cardiacs 
who will fibrillate from those who will not. 

It will be seen here from Table 1 that of the 781 cases of cardio- 
vascular disease admitted to the wards of the Pennsylvania Hos- 
pital during a period of 3 years auricular fibrillation occurred in 
48 (25 per cent) of the 197 rheumatics, 52 (21 per cent) of the 247 
sclerotics, and 38 (19 per cent) of the 199 with miscellaneous etiol- 
ogy. One may anticipate, therefore, that of the rheumatics, 1 out 
of every 4 patients will develop auricular fibrillation and of the 
others 1 out of every 5. 

As to pathology, it has been well demonstrated by Yater" from 
a comparative examination of 29 hearts which had previously 
fibrillated with a series of clinically similar cases which had not, 
that there is no characteristic pathologic difference. In fact, in 
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llie nrleriosdcrotic group a greater degree of vascular sclerosis was 
frequently found in cases where fibrillation did not occur, while 
the fibrilintors themselves often manifested practically no abnor- 
inal^ vascular changes. Our own findings lead us to agree with 
AMiite,** who states that “'^llicre is no pathologv characteristic of 
auricular fibrillation.” 

Tatiix l*“lNcii)nNCK or Hkaht jn or tiik Pkn'.vsylvan^ia Ilos- 

riTAii or Piiir*.\t)KixiiiA. voit a :I-vkau IV.hiod. 
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It will be seen from Table 2 that of our 253 cases 122 (48 per 
cent) were associated with rheumatic fever. Of these over one- 
half were of the arthritic type. The others, including chorea, 
tonsillitis and those which, due to the presence of mitral stenosis, 
we believe are of rheumatic etiology in spite of the absence of a 
definite rheumatic history. The arteriosclerotic group includes 88 
(35 per cent). T^^e agree with Cookson® that the title of this group 
should probably be “nonrheumatic” rather than arteriosclerotic. 
Of the miscellaneous group, comprising 43 cases (17 per cent) of 
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the total, over one-half were associated with positive blood Was- 
sermanns and definite clinical evidence of cardiovascular syphilis. 
The relationship of sj^jhilis to auricular fibrillation is, at best, 
uncertain. Stokes^® states: “My impression has been that the 
more cardiovascular syphilis I have seen, the less auricular fibrilla- 
tion; and the more auricular fibrillation, the less cardiovascular 
syphilis.” In the recent reports from the Johns Hopldns Hospital^ 
there was an entire absence of auricular fibrillation in a series of 
100 cases of syphilitic cardiac disease. The small number of 
fibrillators with thyrotoxicosis, on the other hand, is not due to the 
infrequent complication of auricular fibrillation with goiter, but 
rather to the extremely low incidence of thyroid disease in the 
heart clinic and on the wards of the Pennsylvania Hospital. 

It would appear, therefore, that while auricular fibrillation tends 
to occur consistently in a definite percentage of certain types of 
heart disease, its exciting cause is totally unknown. That the 
mechanism is one of abnormal conduction in the auricular muscle, 
as suggested by Garrey^^ and Mines, and recently supported by 
Lewis,!^ seems at present the most plausible explanation. How- 
ever, in the absence of detectable pathology such abnormal con- 
duction in turn implies the presence of some factor affecting auricu- 
lar metabolism which should be common to all cases, and the 
nature of which is as yet only vaguely conceived f That such a 
factor is not necessarily permanent is obvious from the existence 
of the paroxysmal types of fibrillation. That it must be persistently 
acting, and has not merely to initiate the arrhythmia, is apparent 
to all who are familiar with the 'extreme difficulty of producing 
persistent fibrillation of the normal auricle in experimental animals. 

Table 3. — Sex Incidence in Aukiculak Fibrillation. 



No. of 

cases. 

Per cent. 

Etiology. 

Males. 

Females. 

Males. 

Females. 

Rheumatic fever . 

.... 72 

50 

59 

41 

Arteriosclerosis 

.... 57 

30 

65 

35 

Syphilis 

. . . . 22 

1 

96 

4 

Thyroid 

. ... 3 

6 

33 

67 

Miscellaneous . 

.... 10 

2 

83 

17 

Total . 

.... 164 

89 

65 

35 


Sex. The sex incidence is of interest. It will be seen in Table 3 
that our series includes 164 males (65 per cent) and 89 females 
(35 per cent), a preponderance of 30 per cent in favor of the males. 
These figures are almost identical with those of Semerau^® and not 
greatly at variance with those of Lewis.^® Cookson,^^ however, 
has reported a ratio of at least 2 to 1 in favor of women. We are 
inclined to believe that auricular fibrillation really predominates 
significantly in the male, although the figures are undoubtedly 
modified by the preponderance of cardiovascular disease among 
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men. Jins grratcr inckhnee h possibly cxplainahle on the basis 
tliat with the onset of earrliovjiscular disease tlierc is a greater 
tendency far men to eontinne with their work to the extent of 
o\crexertion than for women, who, in general, have more leisure 
for therapentie rest. 

Prognosis. Some of the most helj)h!l fact.s to he learned from a 
statistieal study of eardiovuscniar case.s an; those bearing on prog- 
nosi.s. Granted that to date onr therapeutic' measnre.s can acliieve 
only a limited prolongation of life in most type.s of cardiovascular 
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disease, it becomes increasingly important that^ we be able to 
advise the patient as to the probable duration of his active life and 
the onset of his years of total disability, in order that he be able to 
arrange his economic and domestic affairs accordingly. 

Charts I and II indicate the ages of infection, fibrillation and 
death of our rheumatic patients. Of the 77 cases illustrated 51 
(66 per cent) developed their etiologic infection before the age of 
20 years; 37 (73 per cent) of their number began to iibnllate between 
the ages of 20 and 40 years, and in this group the average duration 
of life was about 3 years thereafter; 7 (IS per cent) began to fibrillate 
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before 20 years, and their subsequent duration of life was less than 
1 year. The remaining 7 (13 per cent) whose arrhythmia started 
after 40 years of age fibrillated for an average of 5 years. 

It becomes apparent then that the age of onset of the fibrillation 
is of considerable importance in determining the life expectancy of 
the patient. Other things being equal, those hearts which are 
least damaged by a rheumatic infection should probably begin to 



Age of infection • Onset of fibrillation O Death ■§ Still living — 

N. S. R. restored by quinidin '■ 

Chart II. — Age of infection; onset of fibrillation and death of rheumatic fibrillators. 


fibrillate later and last longer thereafter than those in which the 
etiologic infection has been more destructive. Among the 26 
(33 per cent) of the total group whose infection occurred after 
20 years the average duration of life was about the same as the 
general average, that is, 2| to 3 years. 

As to the comparative severity of the various forms of rheumatic 
infection, an indication will be found in Tables 4 and 5. A com- 
bination of arthritis and chorea is associated with the earliest 
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appearance of fibrillation and with n fife cxpccUuwv of less than 

,'^f streptococcic tonsillitis is almost 

. s ill-<iiuencd, winic simple arthritis appears to give the best prog- 
nosis, with a duration of life of 2 to 3.V years after fibrilintion and 
a maximum length of fibrillation in our experience of IG years 
Ocnerally speaking, if we are justified in placing importance upon 
our resul s. of those patients with a liistorj- of rheumatic fever 
vitli resultant rlicumatic cardiovascular damage before the age of 
-■) years, and who are going to flcvclop auricular fibrilintion, 80 per 
cent will develop this arrhythmia before the age of 40 years and 
SS ])cr cent will have died before the age of 53 years. 


T Anu. -1. Ktiulody and I’uoouk.bh or I'ninii.DAToim Xow Living 
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TabIiE 5 . — EnoLoev, Pjioonrss and Teiimination or Deceased FiBniLiATORs. 

* . 


ICfioloRj'. 

No. of 
cnac8. 

1 

Age at 
ctio- 
/ofcfcnl 
tustory 

1 Aro nt 
lonact o 
cardiac 
eymp- 
toma. 

i 

! Aro at 
onset o 
fibrif- 
lation. 

1 Arc nt 
onset 0 
con- 
Kcstivc 
failure. 

r 

f Age 
nt 

death. 

Duralioi 
of fibril- 
fation, 
years. 

, mumJifo 
after 
onset of 
fibrj]- 
Intion, 
years. 

Hlieumnlic; 

Arthritis .... 

41 

18 

30 

30 

30 

38 

2 

6 

Chore n .... 

2 

8 

30 

35 

36 

38 

2 

4 

Chorea and arthritis . 

3 

11-18 

21 

27 

27 

28 

1 

1 

Tonsillitis .... 

7 

, . 

29 

SO 

30 

31 

H 

5 

No history 

13 

, . 

34 

38 

40 

41 

3 

6 

Arteriosclerosis . 

42 


57 

58 

60 

63 

3 

11 

Syphilis 

14 

30 

50 

52 

52 

54 

2 

7 

Thyroid 

4 

24 

32 

44 

45 

46 

2 

3 

Unknown .... 

0 


45 

49 

46 

51 

2 

4 


The arteriosclerotic type presents a rather different picture. . 
Here the onset of fibrillation is frequently the first manifestation 
of heart disease, and with few exceptions occurs at a later date than 
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in the rheumatic group.^ Of our 88 patients with arteriosclerotic 
or "nonrheumatic'' cardiovascular disease who developed auricular 
fibrillation none developed this arrhythmia before the age of 40 
years and 72 per cent after the age of 53 years. 

Much dissention exists as to which category offers the better 
prognosis of life expectancy, Coffen,!^ Cowan and Ritchie^® and 
Jones-® favoring the rheumatic tj^e, while Clerc and StieffeP^ and 
Cookson^® find a better prognosis in the arteriosclerotics. Our own 
figures show a negligible difference, both groups averaging years 
among those now deceased and 3| years among those still living. 
We feel in these two groups the comparative prognosis of life after 
fibrillation develops bears very little relation to etiology. The 
prognosis is best when fibrillation starts between 25 and 65 years 
of age irrespective of etiology, our maximum duration of fibrilla- 
tion being 16 years in the rheumatic group and 14 years in the 
sclerotic group. Above and below these ages, however, the life 
expectancy is very short. Examination of Charts I and II, on the 
other hand, will point out a fact which must not be lost sight of 
in accepting the evidence of any statistics, namely, that a very 
definite group of patients die promptly after the onset of fibrilla- 
tion and that these are balanced by an equal number who live far 
past the average life expectancy, irrespective of etiology or age of 
onset. This error will appear in even the largest series of cases, and 
for this smaller group the average prognosis must be modified by 
the judgment of the physician. It must be constantly borne in 
mind that the auricular fibrillation itself is apparently of very slight 
importance in determining the functional efficiency or duration of 
life of the patient compared to the severity of the myocardial dam- 
age. And, conversely, the extent of the myocardial damage beyond 
a certain degree is in no way indicated by the presence or absence 
of fibrillation. The residual myocardial reserve is the all-important 
factor. 

The third group, those of miscellaneous or unknown etiology, 
are of comparatively indefinite characteristics. In thyrotoxicosis 
we have found that the majority of cases return spontaneously to 
normal sinus rhythm after partial thyroidectomy. The infre- 
quency of fibrillation in cardiovascular lues, on the other hand, 
marks its onset as a bad prognostic omen. One of our cases has 
lived 7 years, but the average duration of life after fibrillation is 
only 2 years, which is the shortest of these groups. Finally, 11 cases 
(4.5 per cent) of our total series have had no apparent etiologic 
nor clinically demonstrable cause for their auricular fibrillation. 
Their average duration of life was 2 to 3| years. The average age 
of onset of fibrillation was 46 years as compared with 38 years 
for the rheumatics and 59 for the sclerotics. 

Chart III presents graphically the duration of fibrillation in all 
our cases, irrespective of etiology, and will be referred to later 
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apro]m of quinidin tliernpy. It indicatc.s well, however, the 
mnnl)er of patients Avho die promptly after the onset of fibrillation. 



Duration of life in year.? kuico onset of fibrillation. 

CliMtT nr.'— Comparative duration of life after onset of auricular fibrillation in 
cases suecessfully treated with quinidin and c.ases cither \msucccssfully treated or 
untreated with quinidin. 

Patient.s without quinidin or unsuccessfully treated with quinidin (219 

c.'isc.s). 

Patients who had a return of X. .S. P. with quinidin (-10 case's). 

Treatment. The treatment of auricular fibrillation comprises an 
added factor not present in the case of a diseased cardiovascular 
.system, but with a nonfibrillating heart. Primarily, one seeks, as 
with the average cardiac, to restore to as great a degree as possible 
the reserve of the myocardium. Secondarily, however, the physio- 
logic deficiency of the arrhythmia must be ot'ercome. This latter 
may be accomplished either by restoring the normal sinus rhj’^thm 
or by eliminating the jmlse deficit. The therapeutic procedures 
involved in efi’ecting the former by means of quinidin sulphate and 
the latter by digitalization need not be discussed here. Both are 
now standardized routine in all clinics and our own methods have • 
been described by us in a previous paper 

As to the results with quinidin, Wolff and White--* have reported 
the successful restoration of sinus rhythm in 65 per cent of their 
series of 177 cases. This is about the average optimum. In our 
own series of 66 cases quinidin was effective in restoring the normal 
sinus rhythm in 40 patients (66 per cent). In a previous paper we 
reported our enthusiasm at these results. Since then, however, 
having followed these cases in tlie interim, amounting in some to 
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a period of over 7 years, our views have become less sanguine. 
These are mostly well-selected cases with the most favorable prog- 
noses and with a minimum of determinable myocardial damage. 
Practically none of these cases developed’ congestive circulatory 
failure to any marked degree, in spite of the onset of auricular 
fibrillation. Nevertheless their average duration of life following 
the onset of auricular fibrillation was only slightly over a year 
longer than that of the patients who were considered unsatisfactory 
for quinidin therapy and exactly the same as that of the patients 
who had received quinidin but without the restoration of normal 
sinus rhythm. Surprising as these observations may be, they are 
quite in accord with the conclusions of "Wolff and White,^® that 
“there is no definite evidence that it (quinidin) prolongs life or 
reduces mortality.” 


100 ?^ 



Onset of 1 year 2 years 3 years 4 years 5 years 6 years 7 years 

N.S.R. 


Chart IV. — Duration bf normal sinus rhythm restored in 3S of 02 cases of chronic 
auricul.ar fibrillation to whom quinidin sulphate was administered. 


The average duration of sinus rhythm in our successful quinidin 
patients was U years, as indicated by Chart IV. In about one-half 
of the series it fasted less than 1 year; 1 out of every 4 lasted through 
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2 years; 1 out of 5 lasted through 3 years; 1 out of 20 lasted through 
0 years. One ease of the entire series preserved his normal sinus 
rJ).vtl)m for 7 years and has just liad a return to fibrillation. Marvin 
and White,-" however, report soincwliat better results, in that 
30 ])cr cent of their eases have continued with normal sinus rhythm 
for 6 to 7 years. 

Obviously it is only in the eases where normal sinus rhvthm is 
restored for a substantial lengtii of time that quinidin may'bc said 
to be of definite value. On the other linnd, we have found that the 
majority of our itatients with restorc<l sinus rhythm were no less 

heart eonscious” than during the period of their fibrillation under 
cfTcetivc digitalis therapy. They were xisually in a state of appre- 
hension of the moment when fibrillation would return and thus 
necessitating the comparatively .severe therapeutic regime of a 
second attempt to rc.storc sinus rhythm. 

In terms of the physiology of the circulation it is really very 
questionable whether the arrhythmia causes ncarl}' ns inucli circu- 
latory embarrassment as one might a jmori anticipate. Lewis” 
has shown that with the onset of fibrillation produced e.vperimentally 
in laboratory animals there is an immediate fall in blood pressure, 
followed, after a brief interval, by a return to within the normal 
range. Clinically, such is unquestionably the case when the rate 
of the fibrillating heart is normal and there is no pulse deficit. Such 
a status is achieved in most eases by digitalis therapy. We feel, 
therefore that quinidin is indicated only in a comparatively few 
carefully selected eases of younger individuals in whom there is 
apparently no other evidence of, cardiovascular abnormality except 
the auricular fibrillation. 

As to the incidence of sudden death following the use of quinidin, 
only 2 cases of such an accident occurred in our series. In neither 
of these instances do Ave feel that quinidin could be fairly indicted 
as similar occurrences of equal frequency' have been reported among 
cases to whom no quinidin had been given and who had comparable 
cardiovascular pathology. Our feeling in this regard is in concur- 
rence with Viko, Marvin and White,==® Parkinson and Campbell” 
and Lewis,’® who believe that the incidence of embolism and sudden 
death among patients carefully treated with quinidin is no greater 
than in a control digitalis group. < ■ • 

Summary. In a series of 253 cases of chronic auricular fibrillation 
we have endeavored to* determine: (1) The principal etiologic 
factors; (2) the prognosis on a basis of etiology, age and e.xtent_of 
cardiac damage; (3) the comparative merits of treatment wdth 
digitalis and quinidin. 

Tliroughout tlie series no common etiologic factors have become 
apparent. It is our impression that the presence of auricular fibril- 
lation does not necessarily imply a, worse prognosis than in the non- 
fibrillating heart with an equal amount of cardiovascular damage. 
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111 our series the average age of onset of auricular fibrillation' due 
to rheumatic cardiovascular damage in 39 years. The prognosis is 
very poor in such patients developing fibrillation before the age of 
25 years. Of our 65 patients -Ruth manifestations of rheumatic 
cardiovascular disease before the age of 25, 86 per cent had devel- 
oped auricular fibrillation before the age of 40 years and 88 per 
cent had died before the age of 53 years. 

The average age of onset of auricular fibrillation in our arterio- 
sclerotic (“nonrheumatic”) group is about 59 years. Of our 88 
cases none had begun to fibrillate before the age of 40 years and 
72 per cent developed auricular fibrillation after the age of 53 years. 

Fibrillation associated ■RUth thyrotoxicosis will usually terminate 
spontaneously following partial thyroidectomy, and if not, almost 
invariably will respond promptly to quinidin therapy after such an 
operation. 

Syphilitic cardiovascular disease is comparatively rarely asso- 
ciated with auricular fibrillation. 

In the treatment of patients with auricular fibrillation digitalis 
usually proves most satisfactory. It is only in the exceptional 
case that a restoration to normal sinus rhythm by quinidin sulphate 
is of more apparent value to the patient than the establishment 
of a daily maintenance dose of digitalis. 

Although there appears to be little danger of accident from the 
use of quinidin sulphate in properly selected cases of auricular 
fibrillation, yet we feel this drug should only be used in those few 
cases of younger individuals with slight or no demonstrable cardio- 
vascular abnormality except the arrhythmia, or in thyrotoxic 
patients following partial thyroidectomy without a spontaneous 
return to normal sinus rhythm. 
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SUBACUTE BACTERIAL ENDOCARDITIS, WITH SPECIAL 
REFERENCE TO THE VALVULAR LESIONS AND 
PREVIOUS HISTORY. 

By MAikSHALL N. J'l-ltox, 

AHStWT.eST IN MKDtCIXI;, lI.MlV,eItD MI'.DIC.M, SCIIOOI,, 

AND 

iSa.ml’kl a. Lkvi.vk, M.D., F.A.C.P., 

AfisiftTAKT ruorr.ssoti (»r mkoicinh, iiauvaiid M^niCAt. scnooii, nosTos, mass. 

(From tlio MccJicnl Clinic of the Peter Bent BriRhnm Jlospitnl, Boston.) 

Theue lia.s liccn inndi ivritten and tauglit concerning subacute 
bacterial endocarditis in recent years and at present the diagnosis 
in most cases is not difficult. Certainly the younger practitioners 
and medical students arc quite familiar witli its commoner manifes- 
tations so that the diagnosis is ordinarily suspected in general 
practice, even tliough the absolute decision may require laboratory 
or more expert aid. An aspect of tliis disease ivhicli has not been 
particularly investigated is tlie relation between tlie past history 
and tlie previous heart findings to tlie subsequent development of 
subacute bacterial endocarditis. It has occurred to us tliat certain 
individuals are more liable, and otliers are less liable to develop this 
condition. The study here reported has been concerned rnostly 
ivitli tliis phase' of tlie question, altliough other clinical considera- 
tions have been investigated that seemed to be of interest. 

Some reference already has been made to incompatibilities 
between certain findings in tlie heart and tliis disease. For example 
Libman and associates' called attention to tlie great rarity of 
auricular fibrillation in subacute bacterial endocarditis. ^^Libman- 
also noted tlie infrequency of this disease in patients 'suffering 
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from marked so-called decompensation.” Levine^ noted that 
subacute bacterial endocarditis seldom develops in patients with 
well marked mitral stenosis and believed it was more common in 
patients who had a well compensated mitral or aortic insufficiency, 
despite the fact that mitral stenosis is the most common rheumatic 
valve lesion. At this time no proof was offered for this opinion, but 
recently Sprague^ investigated the size of the mitral valve in 20 
autopsied cases of subacute bacterial endocarditis, and concluded 
that well-marked constriction of the mitral valve was uncommon. 

Previous reviews of this subject have einphasized the great fre- 
quency with which the mitral valve is involved in subacute bac- 
terial endocarditis. Thayer’s® figures for 60 cases were 80 per cent 
and 58 per cent for mitral and aortic involvement respectively. 
Clawson® in 72 cases found the mitral valve affected in 76 per cent, 
the aortic in 47 per cent. Out of 146 cases studied, Blumer^ found 
the mitral valve alone involved in 40 per cent, the aortic alone in 
but 11 per cent. On the other hand, several observers®* were 
of the opinion that the aortic valve was more frequently involved. 
A few years ago when the opinion was expressed in conversations 
witli some American physicians who have been particularly identi- 
fied with this subject, that subacute bacterial endocarditis was 
comparatively rarely seen in patients with mitral stenosis, this 
idea was thought to be untrue. Confusion we believe has resulted 
because it was inferred from the great frequency of mitral valve 
involvement in subacute bacterial endocarditis that mitral stenosis 
was the valvular lesion present in these cases. The data presented 
here confirm our opinion that although the mitral valve is a common 
site for subacute bacterial endocarditis, mitral stenosis is rare. 

A further feature that has interested us for some years has been 
the relationship between the previous general health of the patient, 
the degree of rheumatic infection, and the susceptibility to subacute 
bacterial endocarditis. It has been very striking that so many of 
these patients had been comparatively free from recurrent rheuma- 
tic infections and had been able for years to carry on then* usual 
activities satisfactorily just preceding the onset of the final illness. 
Contrariwise, it has also seemed that those patients who were 
much more sickly and had frequent recurrent bouts of rheumatism 
did not generally succumb to subacute bacterial endocarditis. An 
investigation in this regard was made of the cases reported below. 

Material Analyzed in This Study. All of the cases of subacute 
bacterial endocarditis observed in the medical wards of the Peter 
Bent Brigham Hospital from 1913 to 1930 and those seen by one of 
us in private consultation practice during the past 11 years were 
analyzed. Only those cases were included in which a review of all 
of the clinical data made the diagnosis quite certain. There were 
111 such cases in 30 of Avhich postmortem examination was per- 
formed. There were 67 males and 44 females. The ages varied 
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froni 12 to GJ years. A detailed diseiis.sioii of the relation of age 
to tins disease rvill bo (alcen up below. In 95 cases blood ciilturas 
were oi)taincd during life, and in 07 of tbc.sc tbc culture.s were posi- 
tive. The other 28 showed negative blood cultures, although in S 
instances only one culture was taken during life. In 5 of the nega- 
tive cases, iiositivc results were obtained on culturing the lilood 
at autopsy. l*/xccj)t for 2 cases that shoued atypiai] organisms. 
Streptococcus viridans was the organism isolated in all tlie positive 
cases. 

The Valvular Lesions in Subacute Bacterial Endocarditis. It is 
generally agreed that suhacutc bacterial endocarditis becomes 
engrafted on previously injured valves. Although this injury is 
most frequently the result of an anteeedent rheumatic endocarditis, 
in a much smaller nunihcr of cases the defect in the endocardium is 
congenital in nature. Unlike pneumocoeeus and gonococcus endo- 
carditis suliacutc bacterial endocarditis due to Streptococcus viridans 
rarely if ever develops in a previously undamaged heart. It is 
difficult to obtain tJic absolute proof of such a generalization hccaiisc 
it would necessitate careful and repeated observation of the heart 
by the same observer both before and after the development of this 
disease. At times it is even difficult at autopsy to be certain that 
a previous valvulitis e.\istcd. There is some indirect evidence, 
however, tliat lends support to this view. In tlie first place, it is 
axtrcmcly rare to fail to find some sort of a murmur in cases of sub- 
acute bacterial endocarditis. All but 1 of the 111 cases in tin's 
review showed at least a systolic murmur. The one exception 
occurred in a woman who was first seen only 5 days before she died 
and tlie heart at tliis time was very rapid. There is reason to believe 
tliat a heart murmur was present at a previous time because a diag- 
nosis of heart disease had been made 2 years before. The constancy 
of tJie finding of heart murmurs obtains even during tlie very’’ early 
stages of the disease, altliougli murmurs may cliange in diaracter 
and new ones develop. Second, in an appreciable number of our 
cases it was definitely Imown tiiat a lieart murmur was present 
for many years before tlie development of subacute bacterial endo- 
carditis. Finally, as a purely clinical experience we have never 
seen a patient showing no heart murmurs whatever who subse- 
quently developed subacute bacterial endocarditis unless they had an 
intercurrent infection resulting in a heart murmur between the time 
of the first examination and the final illnessi From the above evi- 
dence we are of the opinion that a previous injury to the endocar- 
dium, either acquired or . congenital, is a prerequisite for tlie sub- 
quent development of subacute bacterial endocarditis due to Strep- 
tococcus viridans. As a practical corollary, one can dismiss the 
diagnosis of subacute hncterial endocarditis in any doubtful case 
if no murmurs whatsoever are present. If there are exceptions to 
tliese general rules, tliey must be extremely rare. 
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The type of valvular disease present in the 111 cases in this study 
was analyzed from a clinical point of view. The 30 autopsied cases 
were also reviewed and tliese served as an important control on the 
interpretation of bedside findings. There were 23 instances in 
whicli a systolic murmur alone was heard over the precordium. 
This murmur was generally best heard at the apex and varied in 
intensity from moderate to very loud. We interpreted this as indi- 
cating mitral endocarditis with mitral insufficiency. The validity 
of this interpretation is borne out by the fact that in all 4 of the 
cases of this group in which an autopsy was done, the endocarditis 
was confined to the mitral valve and there was no mitral stenosis. 

There were 66 patients that showed a systolic murmur at the 
apex and a systolic and aortic type of diastolic murmur at the base 
of tlie heart. These were all grouped as having aortic and mitral 
insufficiency. Twelve of them showed a sufficiently prominent 
diastolic murmur at the apex to suggest the possibility of mitral 
stenosis. It is well known that the interpretation of a diastolic 
murmur at the apex in the presence of aortic insufficiency is difficult, 
for it may be the same aortic diastolic murmur that is present at the 
base of the heart which is loud enough to be heard at the apex. 
Even if it is presystolic in time it may yet be the Austin Flint 
murmur without mitral stenosis. Not infrequently in this group of 
aortic cases competent observers incorrectly made a diagnosis of 
mitral stenosis on the basis of an apical presystolic murmur and 
thrill. In fact there were 5 instances in which a definite apical 
presystolic murmur was heard, 4 of which also had a presystolic 
thrill, that did not show mitral stenosis at postmortem examination. 
Moreover there were 2 cases in which the Roentgen ray finding of 
fullness in the region of the left auricle suggested mitral stenosis 
that was not subsequently confirmed at autopsy. It follows that in 
patients with subacute bacterial endocarditis who have aortic 
insufficiency, the additional diagnosis of mitral stenosis must be 
made with caution, even when there is a presystolic thrill at the 
apex of the heart. 

The second major group of these 66 cases that was analyzed 
included those with evidence of aortic valvular disease which also 
showed a mitral systolic murmur. There were 54 of these, all of 
whom had aortic insufficiency and 10 of them had signs of aortic 
stenosis as well. We do not imply tliat sucli aortic cases with an 
apical systolic murmur necessarily had a mitral vegetative endo- 
carditis, for many of them may well have had a mitral systolic 
murmur due to relative insufficiency resulting from tlie enlargement 
of the left ventricular cavity, which accompanies aortic disease. 
This is even true when the apical systolic murmur is loud. In fact 
of 21 cases that were examined at autopsy, 13 showed vegetative 
lesions on both aortic and mitral valve and S only on tlie aortic 
valve, despite the fact that they all showed a mitral systolic murmur. 
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It may he added that in no case allowing aortic and mitral murmurs 
was the vegetative pro(;css confined to the mitral valve. In other 
words, with clinical signs of aortic involvement there were always 
vegetative lesions on the aortic valve. Conversely every case that 
showcfl vegetations on the aortic valve at autopsy had an aortic 
diastolic murmur during life. 

There arc three significant conclusions to he drawn from these 
observation.s. I'inst, the presence of a systolic murmur alone indi- 
cates a lesion confined to the mitral valve. (One exx-eption to this 
is the rare in.stancc of aortic .stenosi.s or congenital heart disease 
Avitli a systolic imirmur in whicli no diastolic murmur is heard.) 
Second, an aortic diastolic murmur which generally i.s accompanied 
by an apical systolic murmur always indicates involvement of the 
aortic valve with whicli tlierc may or may not be a lesion of the 
mitral valve. Finally, in the absence of an aortic dia.stolie murmur 
or definite signs of aortic stenosis, it can be predicted that the aortic 
valves will show no vegetations. 

An important consideration in this study is the actual frequency 
of mitral stenosis in our cases of subacute bacterial endocarditis. 
(By mitral stenosis is meant a definite constriction of the orifice 
whicli during life produces the customary signs and at autopsy 
shows an appreciable narrowing of tlic valve.) This can be analyzed 
from eitlier bedside or postmortem findings. The difficulties of the 
clinical diagnosis especially in tlie presence of aortic disease have 
been discussed above. But even where the disease is confined to 
the mitral valve it is no simple matter at times to decide whether the 
valve is actually stenosed or not. Occasionally the mitral orifice is 
constricted by a mass of vegetations engrafted on a vahx vhich, 
altliough tlie site of previous injurjq is not narrowed. Such condi- 
tions may well produce tlie custoraarj^ physical signs of mitral 
stenosis, as occurred in one case in tin's scries tliat came to autopsy. 
An analysis of all of our 111 cases showed that in 19 instances the 
phj'sical signs were sucli tliat a diagnosis of questionable mitral - 
stenosis was made.. In 8 otlier instances tlie evidence was sufficient 
to warrant a dcfiniic clinical diagnosis of mitral stenosis. Of the 
30 cases that came to postmortem examination 4 showed definite 
mitral stenosis. In many of tlie other cases studied at autopsy the 
mitral valve whether the site of vegetations or not, showed evidence . 
of old rheumatic endocarditis witli thickening of tlie edges of the 
valve and retraction but no mechanical stenosis. If all the ques- 
tionable cases are included 24.3 per cent of the cases were diagnosed 
as having mitral stenosis but only 7.2 per cent were diagnosed as 
having definite mitral stenosis. The incidence of mitral stenosis in 
the cases examined at autopsy was 13.3 per cent. Considering the 
great frequency of mitral stenosis* as a definite finding in cases of 

* During the period covered by this study approximately 900 different cases of 
mitral stenosis were admitted to the Peter Bent Brigham Hospital or were seen by one 
of us in private practice. 
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rheumatic valvular disease its occurrence in ,this series judged by 
the data obtained either at the bedside or postmortem is quite rare. 

The remainder of the cases that made up this series consisted 
of small heterogeneous groups, of which the most important was 
that with congenital heart disease. There were 5 such cases, 2 of 
which were examined postmortem. One of these was found to have 
vegetative endocarditis engrafted on a patent ductus arteriosus, 
with vegetations on the aortic and pulmonary valves both of which 
were bicuspid. In tlie otlier, vegetations developed on a bicuspid 
aortic valve. The importance of congenital abnormalities of the 
heart as a predisposing factor in the subsequent development of 
bacterial endocarditis has been emphasized by Lewis and Grant.” 
There were only 3 otlier cases that have not been discussed, 1 of 
which was of some interest. This was the only instance in which a 
definite diagnosis of aoi’tic stenosis was made where no diastolic 
murmur could be heard. It therefore could not be included among 
those Avitli aortic insufficiency. In only 1 of the 30 autopsies were 
A'^egetations found on the tricuspid valve. 

Mention has been previouslj'^ made concerning the differences of 
opinion as to the frequency with which various valves are involved 
in subacute endocarditis. Although most writers have felt that the 
mitral valve ivas the most common site for the development of 
vegetations, others have thought the aortic was more commonly 
involved. In this series of 30 cases that were examined postmortem, 
vegetations were found confined to the mitral valve in 8 instances, 
and to the aortic valve in 8 instances. In 13 cases both were 
involved, and in 1 case the aortic -and tricuspid valves shoived 
A^egetations. The inference from this small series is that the aortic 
and mitral valves are affected Avith approximately equal frequency. 

Does Organic Mitral Insufficiency Occur? An interesting and 
significant sidelight that developed in the course of this study con- 
cerns certain data that seem to indicate the existence of regurgita- 
tion without stenosis of the mitral valve during life. There has 
been much written about this subject. Until a short whole ago 
organic mitral regurgitation AA^as a common clinical diagnosis. 
Mainly as a result of experiences in the Great War, AALen large 
numbers of young men Avere found to haA'-e a slight systolic murmur 
but no organic heart disease, the pendulum has SAAmng to the extreme 
opposite position. There is at present a tendency to the vicAV that 
regurgitation Avithout stenosis of the mitral A^alve does not e.xist. 
With this there has been a groAving belief that apical systolic mur- 
murs in the absence of other signs of heart disease are of no signifi- 
cance AA'liatever. In discussing AAdiether mitral regurgitation exists 
and explaining Avhy this diagnosis is incorrectly made so frequently, 
Cabot^2 states that “physicians diagnose mitral regurgitation when 
the.y hear loud apical systolic murmurs which are extremely common 
in all sorts of noncardiac disease as AA'ell as in health,” (P. 290.) 
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i?' “systolic murmurs witliout other signs 

of cnrdiac disease arc of no importance ns evidence of valve lesions.” 
Speaking about regurgitation without stenosis of tlic mitral valve 
he continues (ji. 292) “perhaps in ulcerative endocarditis sucli a 
state of thing.s may occasionally exist.” In conclusion he states 
"a diagnosis of mitral regurgitation without stenosis is never justi- 
fied. (P. 2n().) I'ully aware of the fact that systolic murmurs 
occur in a variety of conditions both in which the heart is not dis- 
eased at all or in which the valve.s in particular are normal, we do 
believe that there is a rli.stinct group of eases showing a moderately 
loud or a loud apical .systolic murmur where this sign is the main 
evidence of an organic mitral lesion producing mitral regurgitation, 
without stenosis. Such patients are often entirely free from all 
symptoms and frequently have been refused life insurance because 
of this murmur. 'J'he heart need not be appreciably enlarged and 
in fact comjilctc examination may be otherwise negative. Com- 
monly a past history or family history of rheumatic fever may he 
elicited or some other cvidencc.s of the rheumatic state uncovered, 
sucli as recurrent nosebleeds and the like. At this stage tlicse 
patients rarely die. iVIany of them eventually develop mitral 
stenosis and later die of congestive heart failure. On postmortem 
examination, therefore those patients, in whom the progress of the 
disease was not prematurely interrupted and who died of congestive 
heart failure, will show mitral stenosis. Subacute bacterial endo- 
carditis, however, is just such an event tliat prematurely cuts short 
tlic devclojimcnt of the progressing valve lesion long before there 
would have occurred congestive heart failure. This enables us to 
see the mitral valve at autopsy at a stage of incompetcncy without 
stenosis. In this series of .”0 postmortem examinations there were 
G. instances in which the vegetative endocarditis was limited to the 
mitral valve and the lesion, though producing an insufficiency as 
evidenced by a mitral systolic murmur in life and pathologic 
changes at autopsy, did not show mitral stenosis. There were 
numerous other instances in whicli only a systolic murmur was 
Imown to be present for years antedating tlie terminal illness. 
Many of tliese we regard as having had organic mitral insufficiency 
with structural changes in the valve, as it is known tliat subacute 
bacterial endocarditis almost never develops on previously normal 
valves. "We, tlierefore, feel that one is justified in making the diag- 
nosis of organic mitral regurgitation in patients showing a moder- 
atebv loud apical systolic murmur in whom otlier causes such as 
hypertension, anemia, and the like are lacking, especially where a 
past history or family history identify the individual as being 

rheumatic. . 

Previous History of Infections and General State of Health, it is 
generally recognized that some history of rheumatic infection is 
frequently obtained in cases with subaeute bacterial endocarditis. 
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We became interested in analyzing this in greater detail, especially 
determining the more exact character of this antecedent illness. 
In this series of 111 cases there were 42 with a history of rheumatic 
fever alone. There were 3 that only had chorea, and 6 that had 
both chorea and rheumatic fever. It is striking that chorea, of 
itself, is so rarely found in the past history of these patients. In 
100 cases of rheumatic heart disease, Coombs^® noted 18 instances 
in whicli a history of chorea was the only other rheumatic manifes- 
tation. He found 30 instances in which chorea was associated with 
other rheumatic features such as arthritis or nodes. It follows that 
in cases of subacute bacterial endocarditis a past history of chorea 
is obtained much less frequently than occurs with rheumatic heart 
disease in general. This is in keeping with the above-mentioned 
conception that mitral stenosis is rarely the seat of subacute bac- 
terial endocarditis, for chorea has a peculiar predilection for the 
mitral valve producing eventually stenosis of the valve. Strong^^ 
found that in 45 valvular cases due to chorea the mitral valve was 
involved in 44 instances, the aortic in 1, and in 4 both were involved. 

There Avere 15 patients AA^ho gave a past histor}’’ of scarlet fever, 
3 of AA'hom also had rheumatic fever and 1 had chorea. Scarlet 
fever seems to be someAA^hat allied to rheumatie fever as an etiologic 
factor in producing valvular disease. A careful analysis of the his- 
tory of patients in AA^hom scarlet fever Avas supposed to have initiated 
valvular disease will frequently disclose the fact that in the wake of 
the scarlet fever there have been vague pains in the limbs. May 
this not be an associated rheumatic infection? Scarlet fever Avas 
the only other specific disease that AA^as commonly found in the past 
history of these patients. 

The question arises Avhether syphilitic disease of the aortic valves 
ever serves as the locus for subacute bacterial endocarditis. In 
this series tliere Avere 9 instances with a positive Wassermann 
reaction. An analysis of these 9 cases discloses, that 6 of them also 
had a previous history of rheumatic fev’^er and anotlier had scarlet 
fever. In 4 the valvular lesion Avas mitral insufficiency and therefore 
syphilitic disease of the valves need not be considered, especially 
as 3 of these had had rheurnatic fever. Likewise another one of these 
Avitli a positive Wassermann had aortic stenosis which we feel quite 
sure was not syphilitic, as he previously had had rheumatism. This 
leaves 4 cases Avith aortic insufficiency 2 of which had rheumatic 
fever and 1 scarlet fever. The remaining 1 had Argyll-Robertson 
pupils and no history indicating a rheumatic infection. This serA'es 
as the single instance in the entire series that one might reasonably 
regard as having had subacute baeterial endocarditis engrafted 
on luetic aortic insufficiency. One may conclude, as does Thayer^ 
that syphilis as a predisposing agent in streptococcus endocarditis 
is extremely rare. 

Of the remaining cases in this series, there Avere 6 in which the 
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data concerning the jinst history were insiifhcicnt. TJicrc were 2 
patients \yho had no other previous infection except pnomnonia and 
» (piestionablc liistory of rlicuinatic fever was 
elicited. Finally, in .11) cases no Instory of any significant jirevioiis 
infection could be obtained. ^Vc arc of the ojiinion that if more were 
known about the jiast history and family history of such negative 
eases, many of them would have been identified ns being rJieu/natie. 

iSIention was made earlier in this riiscussion that many of tlic.se 
patient.s were .singularly free from recurrent rheumatism before 
developing sidiacnte bacterial endocarditis. Of the -J2 cases that 
had rheumatic fever as the .sole predispo.sing cause, 2S had only one 
attack, and thereafter ivere free of rlienmati.sm. The nvcnigc inter- 
val that elajised between tiie rheumatic fever and the development 
of subacute bacterial endocarditis was IT.o years. This interval 
varied a great deal, the extremes being (i months and 4-1 years. 
There were 7 others who had 2 boul.s of rheumatism. The remaining 
7 cases had three or more attacks. It is very difficult to compare 
these figurc.s statistically with tlie type of rheumatism that occurs 
in the larger grouj) of rheumatic licart disease. It is eertainij’ 
striking, however, tliat a smouldering rlicmnatie infection continuing 
witli varying intcnsit.v for yeans that we so commonly see in our 
heart clinic, was almost never found in the past history of tlicse 
patients. They generally had one, sometimes two discrete attacks 
and then tlierc followed a period of freedom and wellbeing until 
the onset of tlic bacterial type of endocarditis. 

Although there is a sequential relationsliij) between rheiunatie 
valvular disease and subacute hncterial endocarditis in the sense 
that the latter is generally engrafted on the former; from an entirely 
dili’erent point of view tliere is also a jieeuliar antagonism between 
tlie two diseases. It has seemed that those who clinically become 
immune to rheumatic fever arc most aj)t to develop subacute bac- 
terial endocarditis and contrariwise, those who continue witJi 
rheumatic manifestations are tlie least likelj' subjects. To tin’s 
clinical conception which we have had for some years tliere has 
recently been given certain immunologic support. Whereas cases 
of rheumatic fever show a very high incidence of positive sldn 
reactions to streptococci or their derivatives (as higli as 88 per cent) 
similarl3'^ positive reactions are very rarely found in subacute bac- 
terial endocarditis. Howell and Corrigan’^ found no positive skin 
reactions to filtrates of streptococci in 7 patients witli subacute 
bacterial endocarditis. Swift^ ® had 2 cases witli negative reaction^ 
and of 4 of the patients in this present series tested by Derick and 
Fulton^” only 1 gave a mildly positive reaction. Furthermore 
SwifF® never found a high degree of serum immunity in rheumatic 
fever patients against the strains of streptococci occasionally recov- 
ered from them, whereas patients with subacute bacterial endo- 
carditis are known frequent!}’' to have serum of high agglutinating 
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titer to Streptococcus viridans.^®>i® Finally, Wright^® was able to 
produce bacterial endocarditis much more regularly if the animals 
were previously immunized. 

It may be permissible to draw a somewhat speculative and 
theoretical inference from the above immunologic considerations. 
There is an apparent incompatibility between the state of suscepti- 
bilit.y to rheumatic fever and the simultaneous susceptibility to 
subacute bacterial endocarditis. It has been shown above that 
mitral stenosis rarely forms the background for bacterial endocar- 
ditis. May one not infer that the progressive development of mitral 
stenosis is a local evidence of a continued allergic condition in the 
heart and that the rheumatic state may be persisting even in the 
absence of limb pains or fever? If this were true it would help to 
explain the rarity of subacute bactei-ial endocarditis in patients with 
mitral stenosis on tlie assumption that such patients have not 
developed the immunity requisite for subacute bacterial endocar- 
ditis. Furthermore, it may be inferred that any measure which 
renders a patient immune to rheumatic infections and does away 
with the allergic state during the early part of the disease may 
actually serve to prevent the subsequent development of mitral 
stenosis. 

The general health of these cases previous to the development of 
subacute bacterial endocarditis was analyzed, particularly from the 
point of view of circulatory efficiency. Libman^ was interested in a 
similar aspect of this question and stated that “it is notewortliy 
that the infection occurred mostly in persons who did not know 
they had a valve lesion; or knew it but had no symptoms, or slight 
or moderate symptoms only.” Only rough estimates could be made 
but some general opinion was obtained concerning tlie ability of 
our patients to do heavy or light work, whether they had had much 
dyspnea, and espeeially whether tliey had had mucli heart failure. 
They were divided into three groups. The first included tliose who 
had excellent cardiac function. They had no symptoms referable to 
the heart, and many were even performing very vigorous work. 
The second were regarded as being in good condition, i.e., they had 
slight dyspnea and palpitation at times but were able to work. 
The third group we considered as in fair healtli. These had more 
definite dyspnea but were ambulatorj^ and ne^"er had had congestive 
heart failure. With this arbitrary subdivision it was found tliat in 
76 tlie circulation was in excellent condition, in 17 it was good, and 
in 10 it was fair. There were 8 cases in whicli these data were not 
available. There were no instances in which congestive heart failure 
was known to have occurred prior to the development of subacute 
bacterial endocarditis. It is striking that approximately tliree- 
fourtlis of tlie patients were in excellent condition and tliat an 
additional 15 per cent were regarded as in good condition. A com- 
mon experience was to learn that the patient was vigorous, aide to 
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do liard physical work, or to play active games like tennis. In 
general it seemed iJiat the very well compensated cardiac patients 
with aortic or mitral insnflicicncy were the ones most prone to 
devoloj) suiiacntc bacterial endocarditis. 

In this connection, a study was made of the previous e.vistencc of 
heart disease, and e.spccially of a Jieart murmur. Although many 
of the.se patitmts had filt Aveil for long period.s of time, they were 
aware of the fact that someone had heard a murmur in their hearts 
many years before or they had been told they had heart disease 
at .some previous time. It is more than likely that the diagnosis of 
“heart disease’ in such eases had been made on the presence of 
murmur.s because these cases include jmictically no instances of 
angina jmetoris, auricular fibrillation or congestive heart failure 
and only rare instances of Jiypcrtension. In Of) of our cases definite 
information <-oidd bo obtaincfl concerning the presence of a previous 
heart murmur or of “heart disca.se.’' Tlic average length of time 
clajxsing between the })atient’s first knowledge of tin’s and tlie devel- 
opment of subacute ba(;terial endocarditis was 12..3 years. The 
shortest interval was 1 year and the longest 45 years. We have no 
doubt that if we cmdd have examined or questioned all tlicsc patients 
carefully before their final illness, most if not all of tlicm would 
Iiavc shown evidence of valvular disease. 

Aoe Axn Skx, Wlien the question of age and sex was analyzed 
in detail, tliere appeared certain curious relationships. Of the 
entire series of 111 cases, there were 07 males and 44 females, a 
proportion of o to 2. This corresponds exactly to tlie proportion 
found by Bluincr." In a .study of 702 cases of mitral stenosis^® the 
females predominated in a proportion of 2 to I. The discrepancy in 
the.se 2 groujxs of cases again emphasizes the relative antagonism 
between mitral stenosis and subacute bacterial endocarditis. The 
average age of tlie males with subacute bacterial endocarditis was 
85.7 years and of tlie females 26.9 years. It is ratlier peculiar that 
under tlie age of 20 tliere were 14 females and only 2 males. In all 
the succeeding decades (Table 1) the males predominated to an 


Table 1. — Age at Death. 


Years. 

^lalcs. 

Females. 

Total. 

11 to 10 . . . . 

... 2 

14 

16 

20 to 29 

... 23 

IS 

41 

30 to 39 

... 17 

5 

22 

40 to 49 

... 14 

3 

1 / 

50 and over . . . . 

... 11 

4 

15 


increasing degree so that over 40 years of age there were 25 males 
and 7 females. This may be explained by tlie fact that with advanc- 
ing years the females with rheumatic heart disease are more prone 
to develop mitral stenosis and are thereby less liable to subacute 
bacterial endocarditis. 
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^ On dividing tlie cases according to the type of valve lesion present 
similar differences in tlie age between the two sexes were found. 
Of 30 cases with mitral disease alone, there were 14 males with an 
average age of 37 and 16 females with an average age of 27. Of 
42 cases in whicli the valve lesion was predominantly aortic insuffi- 
ciency, there were 32 males (average age 35) and 10 females (average 
age 27). It is rather striking that in the mitral group the females 
actually predominate, whereas in the aortic group the males out- 
number the fernales 3 to 1. Why it is that subacute bacterial endo- 
carditis is so much more commonly seen in young girls than in 
young boys remains unexplained unless it is due to the greater 
prevalence of rheumatic fever in the female in the early years of 
life.^^ This and otlier anomalies in age and sex distribution need 
further elucidation. 

Size of the Heaet. The average weight of the heart in 29 
cases that were examined postmortem was 489 gm. These cases 
were subdivided into groups according to the site of localization 
of the vegetations. There were 7 with vegetations limited to the 
mitral valve. The average weight of the heart in this group was 
396 gm. There were S in which the vegetations were limited to the 
aortic valve. The average weight here was 586 gm. There were 
12 in which both valves were affected and they averaged 503 gm. 
The average heart weight of the 2 cases of congenital heart disease 
was 351 gm. As was expected those cases with only mitral involve- 
ment in general had comparatively small hearts, while those with 
aortic disease showed considerable enlargement. 

Arrhythmias. It has been noted that irregularities of the heart 
in subacute bacterial endocarditis are rare.^-^ In this entire series 
auricular fibrillation was never found except in one instance as a 
terminal event. Electrocardiograms were taken in 62 out of 84 
hospital patients. There were 2 cases that showed complete heart 
block and 2 additional ones in which A~V conduction was delayed. 
Premature beats were comparatively rare. Only 2 patients showed 
ventricular extra systoles and 1 showed both auricular and ventricu- 
lar premature beats. To be sure, had the patients been examined 
more frequently, a few other transient arrhythmias might have 
been noted. The inference to be drawn is that the heart remains 
essentially regular in subacute bacterial endocarditis and further- 
more that if a patient has auricular fibrillation it is extremely 
unlikely that he has or will ever develop subacute bacterial endo- 
carditis. 

Blood Pkessuke. Little attention has been paid to blood pres- 
sure findings in this disease. There were 92 patients in whom blood 
pressure readings were made. The average systolic pressure was 
118 mm. and lie average diastolic 52 mm. In order to obviate 
the eflPect that aortic insufficiency has on the blood pressure, an 
analysis was made of the readings of 25 cases in wliich the mitral 
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valve alone was involved. In this group tiic average s^’stolie read- 
ing was 1 10 inin. and the average diastolic 04 jnm. Tiie figiirc-s 
ddlcr somewlint from (he average of tiie entire group, for the aortic 
cases on the whole would show u higher systolic and a lower dias- 
tolic pressure than the gcitcml average. Tliere were only 4 eases 
with systolic readings over IdO mm. These were all instances of 
aortic insufiieiency. The low average level of tlie Idood pressure 
could not he accounted for hy the age of the patients, for the average 
figure.s of the lo case.s over hO years of age were systolic 110 mm. 
and diastolic .o(> min. It may he concluded tliat hypertension fIoc.s 
not occur with .subacute bacterial endocarditi.s c.vcept in a few 
instances in wJiich the .sy.stolic pressure may be slightly elevated 
as a part of tlic phenomenon of aortic insnfliclcncy. This may 
serve ins an additional jioint in c.xcindtng the diagnosis of subacute 
bacterial endocarditis in any doubtful ca.se. 

Peculiar O.nset.s. A very c.Ktensivc review of the mode of onset 
of this disease was published by Liiiman in 1018." It is generally 
understood that the onset of suhacutc bacterial endocarditis is apt 
to be insidious. The patients, previously in good health, often begin 
to have gripjic-likc sjnnptoms. There may be a sore throat during the 
early days of the illness hut the more striking features are general 
malaise, weakness, anorexia, vague aches, headache, chills and 
.sweats. During the early days or weeks they are often diagnosed as 
grip or ‘TheumatLsm” and sometimes the possibility of ti^)boid 
fever or tuberculosis is .seriously considered. 

What lias particularly interested us in this aspect of tiie study have 
been unusual modes of onset that occurred in some of our patients. 
There were 4 instances in which the patients dated the onset of 
their symptoms to tlic extraction of teeth and in 2 others the 
symptoms seemed to be distinctly aggravated by tliis procedure. 
Although it is not absolutely certain that the disease had not already 
started before tlie tectli were extracted in tlie above 4 cases, it is 
likely tliat in some of them the operation precipitated tlie develop- 
ment of tlie subacute bacterial endocarditis, for they all liad pre- 
viously been feeling well. These experiences make one hesitate in 
advising the extraction of teeth in cases tliat are likely subjects for 
bacterial endocarditis. 

Another group included tliose witii a sudden onset of pain in the 
back, as the major complaint. Embolic manifestations producing 
sudden pain in the fingers,' toes and limbs have been well recognized 
phenomena in this disease. A similar sudden pain in the side or 
back, generally unilateral, as an evidence of emboli to the kidney 
or spleen, has not been sufficiently emphasized as an early feature. 
There were 5 cases in this series in whidi sudden fairly severe pain 
in the back was the earliest distressing symptom. In 1 such case 
because the back pain was associated with gross hematuria and 
dysuria, the diagnosis of renal stone was incorrectly made for a 
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while. Careful questioning of this patient revealed that although 
he had been working until this pain occurred he had been losing 
Aveight and strength for more than a month. Similar information 
no doubt could be obtained in many cases antedating what was 
regarded as the major complaint. The importance of these observa- 
tions is that subacute bacterial endocarditis must be thought of in 
patients complaining of sudden pain in the back if there are any 
other features like fever and a heart murmur that make this diag- 
nosis at all possible. 

Several other cases showed most unusual types of onset. In 2 
the earliest symptoms were mental, Avith the development of definite 
psychoses. One of tliese Avas first seen by us in a psychopathic 
hospital. In another case the disease seemed to develop after a 
pehdc operation for bilateral salpingitis. A fourth had had a Avell 
compensated valve injury for years and had been doing strenuous 
AA’^ork every day until he developed an apparently minor infection 
of the foot, as the result of stepping on a nail. From then on he 
ran a typical course of subacute bacterial endocarditis. No doubt 
AAUth more extensive experience AA^e Avill find other peeuliarities in 
the mode of onset of this disease. 

The Evaluation of a Systolic Murmur as an Aid in Diagnosis. It is 
not the purpose of this discussion to go into the details of the diag- 
nosis of subacute bacterial endocarditis. Apart from the SAvinging 
temperature and the prodromal symptoms mentioned above, there 
are numerous findings occurring at one time or another that are 
sufficiently distinctive to enable one to make a presumptive diag- 
nosis. Tliese are enlargement of the spleen, clubbing of the fingers, 
sudden peculiar pains in the finger tips, showers of red blood cells 
in the urine, and characteristic rose-colored oval petechise, most 
commonly seen in the conjunctivse. Of course finding streptococci 
in the blood stream by cultural methods serves as an important 
decisive confirmation of the diagnosis. HoAvever, there are instances 
in which none of the above findings occur for intervals of time, and 
as happened in several instances in this series, the first clue to the 
diagnosis arose from the proper evaluation of a systolic murmur. 
Because such a murmur is so frequently regarded as insignificant, 
little attention is paid to it Aidien tlie symptomatology suggests some 
noncardiac conditions. Particularly is tliis true when tlie patient 
is knoAvn to have had tlie murmur for years. On the other hand it 
is just this sort of a patient with a Avell compensated heart shoAving 
a murmur for years who should ahi^ays be suspected of having sub- 
acute bacterial endocarditis if he develops fever and vague or unex- 
plained symptoms. As an illustration one of oirr cases Avas a Avoman, 
aged 55 years, who complained of general fatigue of 2 months’ dura- 
tion. During this time she had lost 18 pounds in weight, had had 
occasional headaches, a slight cough and complained of A^ague pains 
in the abdomen and left shoulder. There was a history of rheumatic 
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fever in eliildhood. Physical exaniiimlion was entirely negative 
except for slight fever and a moderately lond systolic iniiriniir. A 
presumptive diagnosis of snhaente bacterial endocarditis was made 
which was confirmed by the subsocjuent development of tvpical 
pctechiie and the finding of Streptococcus viridnns in the blood 
stream. Another example was the patient cited above who came 
into the hospital w ith the (liagnosis of renal stone, because of sudden 
pain in the left loin, dy.snria and gross licmatnria. Phy.sical exami- 
nation was essentially negative e.vcept for a loud ajiical systolic 
mnrmnr. In fact at the time we saw him tJierc was no fever. 
Because the systolic mnrmnr remained nnexidaincd on the basis of 
tJie diagnosis of renal stone, we questioned him more carefully and 
elicited the other vague .symptoms that Inul jjreccdcd tlie attack 
of pain by a montii or two. In both of these instances, as well as in 
others not detailed, it was the systolic murmur whieli first focussed 
our attention on the correct diagnosis. 

'I’lncA'i'iMEXT. There is Iiarclly a disease in which a greater variety 
of treatments lias been tried than subacute bacterial endocarditis. 
Most observers are in accord with tl»e belief that specific tlierapy 
is valueless. A few, however, feel tliat injections of sodium cacody- ' 
late have caused recovery. In our e.xperiencc all tlie various tliera- 
peutic procedures employed liavc proved fruitless. We wish to 
record several instances in which novel mctliods of therapy were 
tried whieli also were ineffective. The general purpose of these 
procedures Avas tlie attempt to alter tlie immunologic state of the 
patients in some such Avay as occurs in the tliermal treatment for 
general paresis or the nonspecific protein therapy in clironic arthritis. 
Tavo of our cases Avere deliberately given rat-bite fever. One other 
was injected Avitli blood from a patient suffering from malaria. 
This case, hoAVCA-er, did not dcA'clop malaria. A Bier operation” 
Avas performed on a fourth patient. This consisted of cauterizing a ■ 
large area under the left breast. This patient and 3 others Avere 
also given 1 or more subcutaneous injections of turpentine for the 
purpose of producing a sterile abscess. Although in one of these 
latter cases, the temperature promptly fell to normal and remained 
so for more than a month, no real benefit Avas derived frorn any of 
these methods. (Tavo otlier cases, not included in this series AA'ere 
given typhoid vaccine intravenously, in 1 of AA'liicli at least a tempor- 
ary disappearance of tlie fever Avas obtained.) Knowledge concern- 
ing the patliology and diagnosis of subacute bacterial endocarditis 
is extensive, but treatment except for hygienic care, is at present 

of no aA^ail. ' , i? , 1 1 # 

Summary, 1. A clinical study has been made ot 111 cases ot 

subacute bacterial endocarditis. Thirty of these were examined 

postmortem. . • i j 

2. It is generally conceded that Streptococcus viridans endocar- 
ditis becomes engrafted on previously damaged valves. In spite 
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of the great frequency of mitral stenosis as a type of chronic val- 
wlar disease, it was found to be associated comparatively rarely 
with subacute bacterial endocarditis. Only 7 per cent of these cases 
showed definite clinical evidence of mitral stenosis and -13 per cent 
of those examined postmortem had mitral stenosis. 

3. There were 23 instances of mitral insufiiciency (showing a 
systolic murmur alone) and 66 of aortic and mitral insufficiency, 
10 of which had signs of aortic stenosis as well. There were 5 with 
congenital abnormalities of the heart and the remainder consisted 
of small heterogeneous groups. 

4. On postmortem examination vegetations on the valves were 
found as follows: mitral alone 8; aortic alone 8; both 13; aortic and 
tricuspid 1. 

5. As a result of this study the following general rules may be 
formulated: 

(a) If no murmur whatsoever is heard over the heart, one 
can practically dismiss the diagnosis of bacterial endocarditis. 

(b) If only a systolic murmur is heard the vegetations will 
be found limited to tlie mitral valve and adjacent endocar- 
dium. (This excludes the rare cases of congenital heart dis- 
ease.) 

(c) If there is in addition to a systolic murmur a basal dias- 
tolic murmur, one may predict that there are vegetations on 
the aortic valve and that there may or may not be a similar 
lesion on the mitral valve. 

6. A previous history of some definite rheumatic infection was 
obtained in 51 instances. Forty-two had rheumatic fever, 3 had 
chorea, and 6 had both. From an analysis of the degree and dura- 
tion of rheumatic infection from which these patients suffered, tliey 
were found as a group to have been comparatively free from this 
type of infection for a considerable period of time preceding the 
development of subacute bacterial endocarditis. Twenty-eight 
of the 42 patients who had had rheumatic fever had had only a 
single attack. In tliese there was an average interval of 17.5 j^ears 
before subacute bacterial endocarditis developed. It is our opinion, 
based on this clinical study and otlier immunologic data that the 
immunity to rheumatic infection developed in these patients, 
renders them more susceptible to subacute bacterial endocarditis. 

7. A study of the past history of these patients from the point of 
view of ability to work and of circulatory efficiency, showed that 
the cardiac condition could be regarded as “excellent” in 76, “good” 
in 17, and “fair” in 10. There were no instances in whieh congestive 
heart failure was known to have occurred prior to the development 
of subacute bacterial endocarditis, tliough there was satisfactory 
evidence that in 60 cases heart murmurs had been present for a 
period of years. It is believed that had we been able to examine 
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these patients shortly heforo the rlcvclopmcnt of stihacutc bacterial 
cndocarchtis most if not all of tiictn wouhl have siiown a murmur 

S. The following arc some of tlie other findings of interest in tliis 
study. 'I’he males outnumbered the females G to 2. The average 
age of the males (35.7) was 0 years greater than that of the females 
(2r>.f)). 'Dio ar-crage Heart weight in the autopsied eases was 
■ISO gm. Significant arrhythmias were rarely found, Onlv l ease 
showed auricular fibrillation and that ns a terminal event. The 
average lilood pre.ssure in 02 jiatients cm whom readings were 
obtained was 1 IS sy.stolie and ;>2 diastolic. 'J’hcre were only 4 eases 
witli a sy.stolie pre.ssure over 150 (all of Avhom had aortic insufii- 
eiency) indicating that hypertension is extreinely rare in this form 
of lioart di.sea.se. Thviv were enaes u ith very jiceuliar types of onset 
in which the evaluation of a sy.stolie murmur was a most important 
clue to the diagnosis. 

9. Several novel imt ineticctivc methods of treatment were 
employed in .sornt! of thc.se case.s .such as tlic production of rat-bite 
fever and malaria, typhoid vaccine intravcnoii.sly, sterile turpentine 
aiisccsscs, and cauterization of tlic breast (Hicr method), 

10. The patient Avho is most apt to develop subacute bacterial 
endocarditis is one who has had a mitral systolic or an aortic dias- 
tolic murmur for some years. If he give.s a liistorj- of previous 
rheumatic infection, ns happens in about half tlie cases, it is most 
likely to be of a single attack witli unusual freedom from recurrences, 
lie has been able to carry on es.scntinlly normal actiA’ities, has shown 
at no time any important irregularities of the heart or evidence of 
congc.stivc heart failure, and lias cither a low or normal blood 
pressure. 
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SARCOMA OF THE SPLEEN. 

By Louis Frank, M.D,, F.A.C.S., 

LOUISVILLE, KT. 

(Read before the Southern Surgical Association, Lexington, Ky., December, 1930.) 

Primary sarcoma of the spleen is a rather uncommon disease. 
The frequency of its incidence may be shown by the fact that of 
40,000 surgical cases at the Boston City Hospital only 2 cases of 
primary malignancy of the spleen were noted. Two cases of pri- 
mary splenic malignancy are reported from the Mayo Clinic, and 
at the Massachusetts General Hospital the diagnosis of malignancy 
of the spleen has been made but four times and of these only 1 was 
proven by operation. 

Smith and Rusk^ have collected 104 cases of malignancy of the 
spleen and add 2 of their own. These 2 cases were endotheliomata, 
the growth arising from the sinuses of the organ. It is the opinion 
of these observers that lymphosarcoma is probably the commonest 
tjqie and is usually part of a generalized process, appearing at the 
same time or later in other lymphatic structures. Since the paper 
by Smith and Rusk other cases have been added to the literature 
by T. Howard,- Ladrej^t, Debrym, Beasley, Berman, Kohler, Adam, 
Eichenbusch and Krumbhaar,® who added 4. 

Ki'umbhaar states tliat the predominant symptom of malignancy 
of the spleen is splenomegaly. Pain in the left side or back and in 
the left shoulder, together with tenderness, is often present. Indi- 
gestion with flatulence and constipation is frequently noted. There 
may be a marked secondary anemia, and jaundice and anasarca arc 



7S 


KUAKIC: SAUCOMA OF THE SI’I.EEN 


occasiotuilly scon, as is also fever and leukocytosis. The diagnosis 
IS ina<lc on the raijjdity of the growth and the e.vdiision of 'other 
can.so.s of .splenic onhrgcincut. 

^ Splenectomy i.s tlic only curative treatment and was .successful 
m 21 of 39 caso.s collcotod hy Smith and Husk. Of the IS deaths 
7 re.suited from tJm n])cration and 11 were due to recurrences, 

1 he tirst case which we wish to rc])ort was o])eratcd ujjon by 
Hr. Guy P. Grigsby, and we thank him for theeourte.syof j;ermitting 
ns to include Ins case in this rej)ort. 

Case Reports. _ Cask 1. — C. It. J., wliite, aged .‘It yc.sr.^, .seen in August, 
102/, gives t!io lii.story of liming Imd digestive upsets .since the autumn of 
1920, and in the jiast few weeks ha.s become weaker and lost hy pounds in 
weight. About .‘t weeks ago he thought he had jilciirisy and hi.s chest was 
aspirated and 10 cc. of fluid removed, lie has had no previous Eeriou,s 
illness and his family hi.story is entirely negative. I'lic patient is under- 
nourished; the mucous mcmhrancs show moderate pallor. The skin is 
atonic and clear of cnijitions. The mnsclos are llnceid. The apjicarance 
is that of subnormal strength and cncrg\', but not of physical distrc.ss. 
The tongue is furred, moist and rather pale. Tiic eyes are negative. The 
cajiillary circulation is subnormal. Tlic heart action is regular, rhythmic; 
the \'alve sounds arc ]>urc, except for a very faint sjTsfoHc blow over the 
mitral area, tran.sinittcd toward the i>uhnonic area. ' Tlie stomach is dis- 
placed toward the right on account of a mass, the gastric percussion note 
being elicited to the right of the midlinc, a distance of aiiout 2 inches, m'th 
the greater curvature 2 \ inches below the umbilicus. Tiie liver is enlarged, 
p.alpnblc, smooth, of slightly increased firmness and measures 5 indies 
in right mammary line. The abdomen is asymmetric, the left side being 
larger than the right. The walls arc thin, superficial veins distinct, until 
dilatation of the capillaries overlying the dinjihragm to a moderate degree. 
On palpation, a mass is felt on the leftside extending to nearly a level with 
the umbilicus and, reaching across the midlinc, continues under the free 
costal margin. A distinct notch can be felt on its lower border. It is 
fairly smooth, quite firm, slightly tender, fills the left (lank and is palpable 
in tlie left lumbar region. Below the sixth and .seventh costal margins the 
mas-s shows a prominence which is palpable and apjiears to be firmer than 
the remainder of the stnicture. There is a question about fluid in the 
pleural cavity. The chest is fairly well developed, respiratory movements 
rather shallow but regular. Tiie right lung shows no definite pathology. 
The respirator^’ sounds are a bit harsh. The percussion note is unmodified 
and the vesicular murmur is heard over the entire lung. Tiie left lung 
shows a similar condition except for some modification of the percussion 
note and riiles over the base posteriorly. The left diaphragm is situated 
liigh on account of the mass in the abdomen and shows practically no range 
of respiration. The patient is mentally clear, u’ith good memory. The 
speech is deliberate, but there are no defects. The reflexes are normal, 
superficial and deep. No ataxia or incoordination of gait is present. The 
hearing is normal. . . . , 

Laboratory studies showed: Urinalysis, negative. The blood count on 
August 25, 1927, was: Red cells, 3,790,000; leukocytes, 6S00; liemoglobiii, 

75 per cent; color index, 0.9; polymorphonuclears, 74 per cent; small 
lymphocytes, 15 per cent; large lymphocjTes, 10 per cent; eosinophils, 1 per 
cent; basopliils, 0. Morphologj’: Poikilocytosis, increase in blood platelets. 
August 29, 1927: Red cells, 4,970,000; leukocytes, 13,850; hemoglobin, 90 
per cent; polymorphonuclears, 76 per cent; small lymphocytes, 20 per cent; 




Fig. 1. — Case 1. Shows marked proliferation of lymphocytes wth obliteration 
of normal splenic marking. Magnified 24 diameters. 



Fio. 2. — Case 1. Illustrntps snitiU ninouut of supportive tissue and marked 
rapidity of proliferation as sliown by numerous mitotic ficures. Mapnified 900 
diameters. 



Fro 3 —Case 2 Shows very Uttle stroma. Marked proliferation as shown 
by nLeious mktio figures and^ appearance of diasters. Magnified 900 diameters. 
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eosinophils, 4 per cent. September 8, 1927: Leukocytes, 19,400; hemo- 
globin, SO per cent; polymorphonuclears, 79 per cent; small lymphocytes, 
15 per cent; large Ijnnphocytes, 4 per cent; eosinophils, 3 per cent. Mor- 
phology: Increase in blood platelets. 

The blood picture during the period of hospitalization changed rather 
rapidly and very_ definitely. The appearance of transitionals, Ij^pho- 
blasts, eosinophilic leukocytes, large mononuclear leukocytes and an 
increasing anisocytosis being observed. 

Gastric analj^sis showed slight retention but the chemical study revealed 
no abnormalities. 

On December 5, 1927, after a transfusion of 500 cc. of citrated blood, the 
patient was operated upon by Dr. Grigsby. A right rectus incision was 
made and the abdomen opened, disclosing a large tumor that was denselj'- 
adherent to all the surrounding structures, including liver, stomach, trans- 
verse colon and small intestine. The tumor had a nodular appearance, the 
upper portion being more or less solid and the middle being a large C 3 ’’st. 
Enough of the adhesions were freed fully to expose the tumor and, as its 
appearance was suggestive of malignancy and it being so adherent to other 
important viscera, its removal was thought impossible. Palpation of the 
tumor caused considerable bleeding, particularly at the attachment of hver. 
A hot sponge placed on it controlled tliis and the abdomen was closed in 
the usual manner. 

Following operation, he rapidlj'- went into shock and died 24 hours later. 

An hour after death the wound was reopened and further examination 
of the condition was made. The cyst was opened and found to obtain 
about 1 liter of rather thin grumous fluid that had the appearance of pus 
but was odorless and beheved to be the result of a hemorrhage into the cyst. 
The adhesions to the surrounding viscera were even more dense than they 
were thought to be at the time of operation. The upper portion of the 
tumor was partially solid, the center of it being filled \vith broken-down 
colloid-looking material. The lower portion of the tumor had invaded the 
mesentery of the transverse colon and one projection of it extended over 
to the cecum. This portion of the tumor seemed of more malignant nature 
than any portion examined. A large specimen was taken from this and 
also the upper portion of the tumor. The spleen was exposed, the notch 
plainly seen and the lower pole appears normal in consistencj’’ and size. 
The upper portion of the spleen was enlarged four or five times its normal 
size and firmly adherent to the parietal peritoneum. As much of it as was 
exposed seemed of normal appearance, with the exception of hj'pertrophj". 

The free border of the right lobe of the liver was ver}’- thin and extended 
about four fingerbreadths below the costal margin. The rest of the liver 
from palpation appeared very much atrophied and was very hard. This 
examination plainly showed the futility of any operative removal of the 
growth and there was little doubt of its mahgnant character. 

Microscopic studj’- of removed sections by Dr. Stuart Graves revealed 
atypical masses of cells, apparently of IjTOphoid origin. These cells varied 
greatly in size and shape. There was little connective-tissue stroma. 
There were numerous mitoses. (Figs. 1 and 2.) 

Microscopic Diagnosis: L 5 TOpliosarcoma. 

Case 2.— Mrs. R. C. C., white, aged 30 years, was first seen by us in 
April, 1927. She had had 3 children and 1 miscarriage 3 3 ’'ears ago. Other 
than the fact that her father had died of pulmonary tuberculosis, the family 
history was negative. The present illness began in December, 1926, with 
sharp pains in the left hip and leg which continued for a month. She 
then developed pain in the left upper extremity and also in the right upper 
and lower extremit 3 ^ There was never any swelling or redness of the 
joints and very little occasional stiffness of the extremities. There has 
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novor been any oicvaf ion of (cmpi-rndire. Tiin tonsils wore susiicotccl ns tlic 
cause of her trouli e, anti rcinovetl, withouf. iinjirovcincnl in her coneral 
cniHlition. l ijcrp iuivi; imen no oliior syinplonis except nnienorrlien for 
'A- ",1'"” Fxtreinities contimied anti she visited one of 

the “sjnts" without henolit. 

hvxnininntion slinws a markedly mulerntiiirishctl white female whose skin 
tins a sotnewliat yellowish tint. The mucous niembranes are very pale, 
lilt; cye.s, Icoth and throat are negative for any abnonnalitie.s, the tonsils 
liciup: out. I he thyroid is not enlarged and there are no cnlnrRcd lymph 
nodes m the neck. The breasts are, llahhy and contain no tumors. Tlierc 
are no plantks jn the axilla. Tin; ImiRs are resonant througliout and there 
arc no adventitioii.s breath stamds. The heart i.s not enlarged. The .apex 
Ileal is witjiin the nijijilc line; there are no thrills or nuimiurs and the soiind.s 
are of fair {|unlily. 'I'hc ahdoiuen is relaxed. Tlic liver is enlarged, 
oxtcnding It inches below tlie costannargin. tt is smooth and firm and 
not tender. ^ llio .spleen extends 2 inches below the cost.al margin .and 
dcsc'eiid.s on m.s])irn1ion. Tliere arc no otlicr ina.sse.s and no tcndornc.ss. 

Gjaiecologic e.xyimination revc.als a markedl.v relaxed pelvic floor, hut no 
other ahiionnalitics. The glands in the. groins are possiliiy a little enlarged, 
licllex'e.s in both legs arc active. There is no disturbance of scns.ation in 

Laboratory studies showcil: Uriniilysi.s, negative. IMood Wassermann, 
negative. The blood count wa.s: Ilcmnglotiin, 2.'> per cent; red cells, 

1 ,.>'iO,(XX); leukocytes, TfoO; polymor})homiclc.ars, 55 per cent; lymjdiocytcs, 
•10 per cent; endothelial colls, 5 per cent. Ani.socjiosis and poikiloc 3 dosis 
were verj' evident. Nucleated red cells were present. Tlie stool was 
negative for blood or jiarasitcs on repeated examinations. Roentgen ray 
examination of the gastrointestinal tract was negative. Dental films 
sliowcd one area of questionable infection. 

Oil April 5 .md again on Ajiril S blood transfusion was done, giving 
000 cc. the first time and oOO cc. the second time, using the Vincent tube 
method. 

The blood count on April 9, 1927 was; Hemoglobin, 55 per cent; red 
cells, 2,950,000 

Pains in the legs were not so severe. The patient liad some elevation 
of tompcraturc. 

The blood count on April 12, 1930 was: Hemoglobin, 55 per cent; red 
cells, 3,310,000; leukocytes, 2800; poljunorphonuclears, 57 per cent; Ijnnplio- 
cytes, 4 1 per cent; endothelial cells, 2 per cent; icterus index, 7.5; coagulation 
time, 4 minutes; bleeding time, 3 minutes; blood platelets; 244,000. - 

The patient was seen by Ur. Morris FIcxner, of Louisville, and a diagnosis 
of earl}' Banti’s disease was made and splenectomy decided upon. 

A preliminary transfusion of citrated blood was given and splenectomy 
done on April IS, 1927, The spleen was about three times the normal 
size, firm and adherent at the upper pole and also posteriorly. It was 
freed and delivered and after ligation of the pedicle was removed. A 
gauze strip was packed into the splenic fossa to control oozing. The 
patient left the table in mild shock. , . , . 

The following day another transfusion was given after which improvement 
was marked. The blood count on April 26, 1927 was: Hemoglobin, 63 
per cent; red cells, 3,020,000; leukocjdes, 2900; polymorphonuclears, 52 per 
cent; l 3 Tnphocytes, 41 per cent; endothelial cells, 6 per cent; eosinopnils. 

Examination of the spleen by Dr. Stuart Graves was reported as follows. 
Specimen consists of a spleen, 17 by 10 by 5 cm.; weight, 450 gm.; beefy red 
and fairly flabby; capsule taut. A series of paraffin sections, thin and 
carefull}' stained, show obliteration of normal landmarks with diffuse 
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atypical growth of undifferentiated, large, .hj^Derchroinatic cells of lympho- 
blastic type wth numerous mitoses. 

Microscopic Diagnosis: Lymphosarcoma. 

The patient did not recover her strength as. she should have, although 
the wound healed perfectly. She continued to have pains in the legs and 
irregular fever. The day before she left the hospital the blood count was: 
Hemoglobin, 60 per cent; red cells, 3,390,0000; leukocytes, 2140; poly^- 
morphonuclears, 39 per cent; lymphocytes, 54 per cent; endothelial cells, 
3 per cent. Nucleated red cells (normoblasts), 7. Myelocytes, 4; red cells 
show achromia and some poikiloc 5 '’tes and a few microcytes. 

The patient died 8 months after her operation. No autopsy was done. 

This case is interesting, especially in its resemblance to perni- 
cious anemia, because of the high color index, the leukopenia and the 
increase in the icterus index. The pain in the extremities also sug- 
gests pernieious anemia in which cord symptoms are not uncommon. 

Howard’s case is similar to this one in some respects and varies 
only in that in his there seemed to be a remission with later exacer- 
bation of symptoms. His case was a recticulated-cell sarcoma and 
the one we report a lyunphosarcoma. 

Summary. 1. We have herein added 2 cases to the literature of 
sarcoma of the spleen, both being cases of the lymphoeytic type. 

2. Sarcoma of the spleen may simulate pernieious anemia in its 
symptomatology and hemocytology. 
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CHEMICAL FACTORS REGULATING BLOOD PRESSURE.* 

By Ralph H. Major, M.D. 

KANSAS CITY. 

(From the Department of Internal Medicine, University of Kansas School of 
Medicine, Kansas City, Kansas.) 

The study of chemical substances capable of elevating or of 
lowering blood pressure is of obvious importance. The isolation 
and identification of substances in the body whieh have hyper- 
tensive action maj"^ lead to a solution of the etiology of essential 
hypertension, a disease which still remains, in spite of the enormous 
amount of study expended upon it, a disease of theories. The 
isolation and identifieation of substances in the bodj’" which have 
a hjTiertensive aetion may lead, we hope, to a satisfaetory control 
of this same disease, which remains also not only a disease of theories 
but a disease whose mastery is one of the outstanding challenges of 
today. 

* Read at the annual meeting of the American Climatological and Clinical Asso- 
ciation, Hot Springs, Va., May 7, 1931. 
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As \vc survey the liekl we .cannot but be impressed by the fact 
that our knowledge of hypotensive substances is more extensive 
than our knowledge of iiypcrtcnsive substances. Indeed, I think 
one may say without contradiction that, while tlie presence of 
several substances in tlie body cajinblc of lowering blood pressure 
has been established, and sucli substances have been isolated, yet 
thc.only subshuicc haying a hj-jicrtcnsivc aetion whose presence in 
tile body has been definitely jirovcd is adrenalin. 

The theory that an exce-ss of adrenalin is responsible for the 
lyroduction of arterial hyjiertcnsion dates from tlie observations of 
Nciis-scr,^^ in ISOS, and of Varpiez,*’ in ]00I. Vaquez has cham- 
pioned the theory that hjqiertcnsion is due to an ovcractivity of the 
adrenals. In spite of all the work which has ajipcarcd in support 
of this idea, it still remains a theory, since no one has yet proved con- 
clusively that there is an e.xccss of adrenalin in the circulation of 
patients sufTcring from arterial hypertension. 

In 1922 Labbii, 'J'inel and Doumer’®*rcportcd a case of arterial 
hypertension in which a tumor of the adrenal was found at autopsy. 
Vaquoz and Donzelot, in 1920, described a case of paroxysmal hj'per- 
tensiou, which was later treated by I^aubry with deej) Roentgen 
ray over both adrenals with apparent recovery. Oppenheimer and 
Fishberg"* reported, in 102*1, a case of h.^^)crtension in a young 
girl, aged 12 years, who .showed an adrenal tumor at autopsy. 
Oberling and Jung, in 1927, described a similar case. Pincoffs,-® 
in 1929 reported a case of paro.xysmal hypertension who was oper- 
ated upon by Dr. Arthur Shipley and a tumor of the right adrenal 
removed. One year later the jiatient was apparently in perfect 
health and had a systolic blood pressure of 110 to 125. The tumor 
proved to be a paraganglioma and contained large amounts of 
adrenalin. 

These observations are of e.xtreme importance since they prove 
that one type of hjTiertension is due to an e.vcessive production of 
adrenalin. However, the symptomatology and clinical course of 
these cases of paroxysmal hjqjertcnsion is so characteristic and so 
different from Riat of the classical picture of chronic essential hyper- 
tension that it is taking a long jump to assure that the two conditions 
are due to the same etiologic factor. 

Next to adrenalin, attention has been directed to certain amines 
as possible causes of hy]jertension. Several investigators, notably 
Koessler, have shown tirat certain amines may be produced by 
bacterial decomposition of proteins. This ims, of course, inevit- 
ably led to speculations regarding the absorption of such products 
from the intestinal tract with a resulting hypertension.^ One sub- 
stance, tyramin, has been studied particularly. Tyramin produces 
a marked elevation in blood pressure and is absorbed readily from 
the intestinal tract. Its presence in the body has not, however, 
been conclusively demonstrated, although the recent discovery by 
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Hare^ of a ferment in the liver capable of destroying tyramin is of 
great interest. The presence of tjrraminose in the liver suggests a 
possible mechanism by which this pressor substance absorbed from 
the intestinal tract is destroyed and rendered innocuous. Further 
work along these lines may lead to important discoveries. 

We have been interested for several years in a study of guanidin 
compounds, some of which, as is well known, are powerful pressor 
substances, while others are equally potent depressor substances. 
Our' observations have been mainly upon guanidin and methyl 
guanidin, which are pressor substances, and upon glycocyamin 
(guanidin acetic acid), which is a depressor substance. 

In 1927 Weber and found that in a series of cases of essential 
hypertension that approximately 50 per cent showed an increase 
in the blood of some substance giving a color reaction for guanidin. 
These observations were confirmed by Davis,® in 1928, and more 
recently, in 1930, by Pfiffner and Myers. We have now observa- 
tions upon more than 400 patients Avith the same results. 

Even more striking are our results in cases of chronic nephritis. 
We have never yet seen a case of chronic nephritis with hj'perten- 
sion, who failed to show an increase in this substance. 

In spite of repeated attempts we have not succeeded in proving 
positively that the substance producing the color reaction is guani- 
din, and this failure is, of course, a strong argument against the 
entire conception. One fact, however, is very striking and difficult 
to explain aAvay— Ave have never encountered an increase of this 
substance in the blood of a person with a normal blood pressure. 

The question Avhether any guanidin compounds other than 
arginin, creatin and creatinin occur in the body has been hotly 
debated. Most of the methods employed up to this time to isolate 
guanidin and methyl guanidin are untrustworthy. It is compara- 
tively easy to obtain methyl guanidin from the urine and muscle, 
but the methods employed use silver salts, Avhich convert creatinin 
into methyl guanidin, and such methods are noAv rightly considered 
faulty. More recently Komarow® has asserted that by using a 
method free from these objections he has demonstrated the presence 
of considerable quantities of metliyl guanidin in the muscles. 
This Avork lacks confirmation as yet, but if correct, is obviously a 
very important contribution to the subject. 

In 1928 Ave shoAved that many patients with arterial hjqDertension 
AAdiose kidney function Avhen tested by the usual methods is appar- 
ently normal, are unable to excrete methyl guanidin in the Avay 
that healthy individuals do.^'* These observations have since been 
confirmed and extended in our laboratory. Their significance is 
not altogether clear. They may suggest, of course, that such indi- 
viduals have a peculiar physiologic anomaly of the kidnej’s, Avhich 
consists in an inability to excrete methyl guanidin normally. Such 
an anomaly could obAuously lead to a retention of methyl guanidin 
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xvitii a rcstiltinp hyporfcnsion. On tlic otlier liand, this inability 
to ('xorofo methyl j>uaniflin may he merely a very delicate test of 
early renal insiiflicieney, since in chronic nephritis inability is imicli 
more marked and striking than in what wc term essential hyper- 
tension. i\Iorc observations over a longer j)criod of time are 
neee.ssary before we can begin to draw concln.sions. 

■When wc turn to a consideration of the depre.s.sor .snbstanees 
])rc.sent in the body we find that a larger group have been rlofinitely 
isnlatt'd and identifieil aiul still others are citlicr isolated or their 
])re.sene(: strongly siisj)eeted. 'I’his ))arti(mlnr jdia.se of tlic .sijl)jcft 
lias been followed with intense interest not only by ()harmacologi.st.s, 
but particularly by internists wlio iiave hoped that some of these 
sui)stauees might prove efleetual agents in the control of arterial 
hy{)ertcnsion, 


One of the.^e substances, Instainin, has l)een the subject of a 
great den! of investigation. The observations of Abel anrl Kubota, 
of Koe.'jsler and of Dale and bis a.s.>.ociatc.s have been of great 
im])ortanee. 'I’liis exceedingly ])owerfnl and also iiigbiy toxic snb- 
.stanoe we now know, thanks to labors of Dale and Ids coworkers, 
is present in most of the ti.ssncs of the body, not merely in traces, 
but in considerable quantities. The significance of this fact is 
not fully understood, but tlic ))!)nrmaeologic antagonism’ of liista- 
min to adrenalin snggcst.s a po.ssible normal mechanism of blood 
pressure control. As a tlierapeiitic agent, however, for the control 
of Idgh Iiloorl pressure iii.stamin is disapjiointing. It is a highly 
toxic substance, it reduces blood pressure too rapidly witli frequent 
distressing symiitonis and it akso has the effect of often being 
followed by a subsequent rise in blood jire-ssiire above the initial 
level. 

Another substance wliieh ba.s a jirofomid dcpre.ssor effect njion the 
blood pressure is cbolin, Avhose presence in the body has been 
definitely demonstrated. More recently another closelj'' allied sub- 
stance, acetocliolin, was isolated by Dale and Dudley.^ Aceto- 
cholin is an extremely powerful depressor substance, being approxi- 
mately one tliousand times as powerful as cbolin. Acetocliolin 
i.s relatively unstable and, while its presence in the body was sus- 
pected for some time, it remains for Dale and Dudley to demon- 
strate its actual occurrence. The isolation of this substance is a 
.striking ])roof of the skill an ingenuity of these investigators. 
Drurv and Szent-Gyorgi* found that adenylic acid and adenosin 
caused a fall of blood pressure. Adenylic acid is present in the 
blood in skeletal muscle, in heart tissue, in the brain and in the 

kidneys. _ ... . • i 

Gl3’Coc3'amin, or giianidin acetic acid, is a very interesting sub- 
stance. it differs from creatin 6nl3^ in the absence of a nietli3d 
group, and while creatin, has no characteristic effect upon the 
blood pressure, glycocyamin is a powerful depressor substance. It 
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is relatively nontoxic, it is effective when taken by mouth and it 
also, as Ginsberg and Stoland® have shown, causes a marked increase 
in coronary flow. The presence of gljmocj^amin in the body has 
not been demonstrated, although Karashima^ has recently described 
a ferment in the liver capable of oxidizing it. 

Our especial interest in this subject of depressor substances 
began with the study of the depressor effect of certain liver extracts. 
We feel that the effects of these extracts was not due to either 
histamin or cholin, but the evidence was not conclusive. In 1927 
Best, Dale, Dudley and Thorpe,^ in a series of investigations, iso- 
lated histamin in considerable quantities from these liver extracts, 
and were inclined to attribute their depressor effects to the presence 
of histamin. Vincent and Curtis-- questioned these conclusions, 
but since Dale and his coworkers had definitely isolated histamin, 
and their critics could produce no other depressor substances, the 
prevailing opinion was that these extracts owed their activity to 
histamin. We have continued our investigations of this problem 
the past 4 years and feel that we have definite evidence of the 
existence of a depressor substance in the tissues which is neither 
histamin, cholin, nor acetyl cholin. In 1929 Weber and I^® showed 
that when liver tissue was treated in two different manners an 
extract having the pharmacologic properties of histamin could be 
obtained from one fraction, while from another fraction an extract 
could be isolated which showed no chemical tests for histamin and 
also differed in its pharmacologic behavior. 

Histamin, as is well known, produces a fall of blood pressure 
when injected intravenously into dogs, but under certain standard 
conditions causes a rise of blood pressure in rabbits. One of our 
extracts which gave a positive Pauly reaction for histamin pro- 
duced a rise of blood pressure in rabbits, while the other extract 
which gave a negative Pauly reaction caused a fall in blood pressure 
in these animals. When these two extracts were mixed in proper 
proportions and injected into rabbits no change in blood pressure 
occurred. This latter observation cleared up a question that had 
puzzled us for a long time— why certain liver extracts produced a 
marked fall of blood pressure in dogs, but had no effect upon the 
blood pressure of rabbits. 

Later we found this histamin-free depressor substance present 
in considerable quantities in the brain and we have emplo^'ed the 
brain as the source of supply for most of our later experiments. By 
a process of preeipitation vdth acetone and purification with cojiper 
and mercury we have obtained a thick viscid fluid, which is appar- 
ently the active principle. When precipitated under certain con- 
ditions it comes down as a fine white granular crystalline-like sub- 
stance, which, however, probablj’^ because of its marked hygroscopic 
propertie.s, is changed almost immediately into a thick oily-like 
liquid. It is, however, apparently not an oil, for it is insoluble in 
the ordinary oily solvents.^” 
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* found present in considerable quantities 

m tlie blood. J^liLs finding n-e think is of interest since it suggests 
Uint it may play a role in maintaining the blood pressure at a proper 
level, snicc its absence or presence in insufficient amounts could 
conccn-ably lead to an elevation in blood jircssiire. Another find- 
ing of some interest is the presence of a positive Sakaguchi reaction 
in the ptirest solutions we Iinvo obtained, indicating the presence of 
a gnanidin annponnd. 

have as yet innrlc no extensive .studies of the therapeutic 
efl'ccfs of timsc pure histamin-free extracts, ^^'e only know that 
when injected they jirodiiee a temporary fall of blood pressure in 
normal individuals and in certain hypertensives. 

J his summary of certain chemical factors having hj'pertensive 
and hjiiotensivc action, indicates that much information has been 
obtained and still more is desirable. TJie whole subject is one of 
great interest, and it requires great self control not to wander off into 
a maze of speculation. But as wc survey the history of the many 
diseases which wc now understand fairly clearly, wc are struck, I 
think, by tiic fact that it is one thing to observe, but quite another 
to intcrjiret. 

Conclusions. Tlie only pressor substance ndiose presence in the 
body lias been demonstrated witliont any doubt is adrenalin. 
Guanidin compomids capable of elevating the blood pressure may 
e.xist in the body, but their presence has not been unequivocally 
demonstrated. There is .some evidence that tlicy are actually 
present but more jjroof of their c.xistcnce must be given before we 
can definitely state that snclt is the case. 

Several depressor substances liave been demonstrated in the 
body. Histaniin, cliolin, ncetochoUn, ndcnylic acid and adenosin 
» have been definitely isolated. There is in addition another sub- 
stance with powerful depressor action which Jias not been identified 
but which is apparently widespread in tlie body. 

The physiologic role of these depressor substances offers a wide 
field of research. Their possible therapeutic effects, either singly 
or in combination may open up a new field of tlierapeutic endeavor. 
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THE STUDY OF YELLOW FEVER BY A PROTECTION TEST IN 

MICE. 

By F. F. Eussell, M.D., 

DIHECTOR OF THE INTERNATIONAL HEALTH DIVISION OF THE ROCKEFELLER 
FOUNDATION, NEW YORK, N. Y. 

The prevalent idea about yellow fever seems to be that it has 
been banished from most of the world and will soon be extinct. 
The studies of the International Health Division of the Rockefeller 
Foundation now under way in West Africa and South America 
show tliat this view is over optimistic and that long campaigns will 
have to be waged before tlie disease is conquered in tlie endemic 
areas of tliese countries. In the meanwhile, the danger in the situa- 
tion is being accentuated by tlie increase of commerce with the 
endemic regions, tlie greater rapidity of travel by land, sea, and air, 
and tlie rising susceptibility of the population in the regions which 
have already been freed of yellow fever. On the bright side of the 
picture is our greater power to control the disease owing to tlie 
improvement in methods of diagnosis and of epidemiologic study 
made possible by the availability of experimental animals. 
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The regions in Y-liicii yellow fever is jjcrsisting are so vast tliat 
imliseriminate intensive, control measnre.s thronghont the whole of 
the .su.spcetcd region.s, with tJ»eir many jjort cities and populous 
interior centers, would seem at present to he iinpossildc. It is 
conceivahlo, however, that the disease could he .suppressed if control 
efl'orts could he concentrated in the permanent endemic centers. It 
has not heen possil)lc to locate the endemic regions accurately with 
the older methods of clinical oh.servation. 

In endemic areas ei)idemics are infrecpient, or ah.sent, and only 
an occasional^ case, usually in a foreigner, comes to the attention 
of the autJiorities. The disease is kej)t alive in children who .suffer 
with so mild a form that a clinical diagtiosis of yellow fever is rarely 
possible. It is unfortunately true tluit in most such regions tlicrc 
are almost no well-trained jihysicians and reliable reports can .scarcelj' 
be expected. The situation seems to be similar to that revealed in 
])arts of the United States with regard to poliomyelitis by Aycock, 
Kramer' and others. 

The. bright points in the recent history of yellow fever arc: (1) 
The demonstration by Walter Keed and his colleagues in Havana 
in 15)01, that tlic di.sea.se wa.s conveyed }>y the Jc/k.s- irgypii and tliat 
the causative organism behaved like a filtrablc virus; (2) the demon- 
stration by Stokes, Bauer and Hudson- in West Africa in 1927 tliat 
the common monkey of tlie zoological gardens, Macacu-s' rhesus, 
was suscejitiblc to the disease-, and (3) the finding of Theiler’ in 1930 
that a ncurotropic strain of tlie virus could be produced iiy intra- 
cerebral inoculation of white mice, so that we now have tivo sus- 
ceptible animals. 

An effective method of delimiting the endemic areas of yellow fever 
is to collect tiic sera of adequate numbers of children at key places 
and to test these for jiower to protect experimental animals against 
yellow fever virus. This has been done for several centers in West 
Africa by Beeuwkes, Bauer and Mahafl’y' who used rhesus monkeys. 
The tests showed a wide variation in tlie percentage of immune 
cliildren in tlie several localities and indicated whetlier yellow fever 
had been present in recent years. This valuable method cannot be 
used on a scale large enough to permit tlie detailed mapping of the 
endemic areas needed for a true appreciation of tlie distribution 
of yellow fever or as a guide for control measures. The discovery by 
Theiler^ of the suceptibility of tlie white mouse to yellow fever wlien 
inoculated intracerebrally has given us the animal needed for 
extensive sun’eys. He showed tliat yellow fever in tlie mouse took 
tlie form of an encephalitis, and that tlie mixture of human immune 
serum witli tlie virus injected Avould inliibit or defer the infection. 
After many passages tlirough mice tlie virus became higlily Urulent 
for these animals, causing death as a rule on tlie fifth or sixth day 
after inoculation, and lost its power to kill rhesus monkeys, although 
it continued to produce fever in these animals, and in tliese respects 
it assumed the diaracter of a fixed virus, 
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In order to adapt the protection test in mice to the needs of the 
field studies which we have carried out, Sawyer and Lloyd® sought 
to make tlie test more sensitive and regular. They found that fatal 
encephalitis could be produced by yellow fever virus when intro- 
duced intraperitoneally if, at the same time, a mild irritant was 
injected intracerebrally to localize the virus. Further, if immune 
serum in suitable amount was injected into the abdomen with the 
virus, the animal was protected. The tedinique now being used in 
the routine application of this intraperitoneal protection test is as 
follows: The mice are lightly etherized and are given an intra- 
cerebral injection of 0.03 cc. of 2 per cent starch in phj^siologic 
sodium chlorid solution. They are then given an intraperitoneal 
injection of 0.2 cc. of a 20 per cent suspension of brain tissue from 
infected mice and 0.4- cc. of the serum to be tested. In the control 
injections normal human serum is given in tlie place of the unknown 
serum. A group of 6 mice is used as a unit in the examination of 
each specimen of blood. The mice in the control groups die as a 
rule from 5 to 10 days after inoculation, usually after 5 or 6 days. 
The groups receiving non-immune sera die like the control animals, 
while tliose receiving potent immune sera should survive for at least 
10 days. 

The survey of endemic areas with the help of the protection test 
in mice is now under way. Sera are being collected under a system- 
atic plan in West Africa, Brazil and elsewhere by our field staff, and 
are being examined in Lagos, Nigeria, West Africa, in Bahia, Brazil, 
and in pur laboratory in New York. Later we shall Icnow hoAv wide- 
spread yellow fever infection really is, and where governments can 
most intelligently concentrate their control work. 

The intraperitoneal protection test in mice may be used also in 
the titration of immune sera witli regard to protective power, and 
is useful in the study of individual cases of yellow fever. It may 
help in deciding tlie diagnosis late in the disease or during convales- 
cence. A laboratory worker recently contracted yellow fever while 
handling virus from mice, and his case was studied by Berry and 
Kitdien.® They had the cooperation of Dr. Max Theiler, who made 
tests of tlie patient’s serum by tlie intraperitoneal metliod in mice 
and also injected specimens of blood intracerebrally into mice. 
The serum of the patient showed no protective power on the second 
and third days of the disease, but there was distinct, though slight, 
protection on tlie fourth day. The specimens obtained on tlie fifth 
and sixtli days gave definite protection. Mice were infected by the 
blood specimens drawn on tlie first, second, and third days of illness, 
but not by those taken on the fourth or fifth days. Rhesus monkeys 
were inoculated witli blood taken on the first, fourtli and fiftli days, 
and all three came down with yellow fever. Thus, with tlie highly 
sensitive protection test in mice and the inoculation of the ^’er^^ 
susceptible Macams rhesiis monkeys, it was possible to demonstrate 



90 


I'AXJL, TiTIXNKT.L; IXl'FXTIOUS MOXOXUCIJCOSIS 


tl\c presence of active virus and immune liodics against tliat virus 
in the same specimens of blood— those taken on the fourtli and fifth 
days. The diagnosis of yellow fever wa.s jiroved by each of the three 
procedures mentioned, as the scrum had been tested shortly before 
the illness and found to be devoid of antibodies protective against 
yellow fe\-C‘r. 

Summary. 1. \cllow fever still persists in South America, and 
is widely prevalent in Wc.st Africa. 

2. In the endemic areas cases are few and apjairently .sporadic, 
but tlie virus when wirried outside sucli areas gives ri.se to true 
epidemics. 

3. The imiminity following an attack is solid and pennauent. 

4. The })rotcction test in monkeys or in mice will .show tlie pres- 
ence or absence of immunity. 

5. ^'he boundaries of an endemic area may be drawn by examin- 
ing tJic blood serum of cliildren, and determining whether or not anj^ 
of them are immune and so c.stablishing the presence of yellow fever 
in the area within the life time of the children. 

G. The test with mice is more delicate than tlint with monkeys and 
may be used to titrate immune sera after an attack or after vaccination. 
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The term heferopJiilc antibody applies to antibodies having tlie 
capacity to react witli certain antigens, which are quite different 
from, and ph 3 dogenetically unrelated to the one instrumental in 
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producing the antibody response. Their existenee became recog- 
nized largely through the work of Forssman in 191 1 ,^ whose name 
has been attached to antigens capable of eliciting the heterophile 
response. Since their diseovery they have been studied experiment- 
ally by many investigators, to which Davidsohn’s exhaustive 
review^ bears testimomy, but only recently have the principles 
involved found clinical application. No attempt will be made in 
this paper to review the development of knowledge of heterophile 
antigens and antibodies, for the subject is a complex one, probably 
still in its infancy, and furtliermore the reader may be referred to 
Davidsohn’s review,” and recent textbook articles by Bull,^ and 
Topley and Wilson.^ However, a few definitive statements relative 
to the nature of the phenomena involved may be warranted. 

Briefly it has been shown that certain substances such as emulsions 
of cells obtained from the organs of the guinea pig, cat, dog and 
horse, a number of other mammals, birds and certain fish, when 
injected into an appropriate animal such as the rabbit, are capable 
of giving rise to, not only specific antibodies, but also nonspecific 
antibodies which are demonstrable in varying degree in the form 
of hemolysins and agglutinins for sheep cells. Chemically, the 
antigen capable of eliciting this response has been defined as lipoid- 
protein complex. The whole complex is necessary for the produc- 
tion of heterophile antibodies, whereas tire lipoid fraction, whicli 
can be extracted with alcohol, reacts with antisera in vitro, but is 
incapable of producing heterophile antibodies. In other words, 
tlie antigenic capacity depends on the integrity of the lipoid-protein 
complex and the extracted lipoid affords another example of a hap- 
tene. Apparently the substances which contain the heterophile or 
Forssman antigen are widespread tliroughout the animal kingdom, 
representing a growing list, often referred to as the so-called guinea 
jpig group of substances. In contrast, stands tlie so-called rabbit 
group, representing substances in Avhich the Forssman antigen 
has not been found, such as the oi-gans of the rabbit, man, ox, 
rat, etc. 

Only a few pathogenic bacteria are known to belong to the guinea 
pig group and probably for this reason heterophile antibodies have 
not been demonstrated in appreciable amounts among patients 
suffering from disease induced by most bacterial agents. Neverthe- 
less, the phenomenon of heterophile antibody production may occur 
in human beings into whom substances containing tlie heterophile 
antigen have been injected. This has been shown by Davidsohn,^- ® 
who has demonstrated the enlianced presence of lysins and agglu- 
tinins for sheep cells in the serum of patients who had been injected 
with horse serum. As a corollary to tliis finding Davidsohn also 
made the important observation Biat the average titers for agglu- 
tinins and hemolysins were very mucli higher among patients who 
had been injected with horse serum and who subsequently developed 
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scrum disciisc, Ihun timoiij; those who did not dcvcloj) ullergic 
symptoms. In eases of serum disease produced l)y tlie injection 
of hoi'iiic aonm), liotcropliilc antilmdies were not foiind. 

I'^ollowing Uie imblication of Davidsoltn's oliscrvations on the 
presence of Jteteroi)hiic antibodies in serum disease, it seemed to 
us that a study of tliis type could be directed against a number of 
clinical conditions in wjiich lietcrojjliilc antibodies might exist. 
Our attention was first turned to cases of rheumatic fever, owing to 
the resemblance whicJi many of the .symptoms of this disease, sucli 
as skin eruiMions, glandular enlargement and polyarthritis bear 
to scrum disease; but we were unable to demonstrate a consistent 
or an api^reciable increase in the hcterophile antibody content of 
tlic sera from ))atients .suffering from this condition. In the course 
of tliis .study a numbe;r of controls from individuals .suffering from 
scrum disease and a variety of other clinical conditions were a.ssemb- 
Icd. Quite by accident it was discovered that hetero])hile anti- 
bodies (demonstraiile. in the form of sheep cell agglutinins) were 
present in a .sjiecimcn of serum from a jiatient, ill witli infectious 
mononucleosis, in much higher concentration tlian has been 
described in serum disease or in any other clinical condition which 
we have studied. Subsequently we have confirmed this finding 
in tlic acute phases of 3 other cases of infectious mononucleosis and 
our observations upon this di.seasc furni.sh the basis of this report. 

Methods. Wc have cinjiloycd the motiiods used by Diividsohn for 
determining the presence and titer of sheep cell agglutinins and heniol 3 ’sins.® 
The technique is quite simple. 

Sheep Cell AgghilininH. Sera, obtained ns for a Wassennann test, were 
inactivated for \h minutes at 55° C.* Dilutions of inactivated sera, 
ranging from 1 to 4 to I to 32 (or fiigher if tiie heterophiie antibody content 
was sus]iected to be prc.“cnt in unusual concentration), were set up in 
0.5 cc. portions. To these 0.5 cc. of a 2 per cent suspension of sheep cellsf 
were added, followed bj' 1 cc. of salt solution, thus bringing the total 
volume in each tube to 2 cc. The test tubes were shaken and placed in 
the water bath at 3S° C. for 1 liour, left in the iceiio.x oi'ernight and on the 
followng morning were read, after each tube had been iin'erted three times 
with its moutli covered bj" the finger tip. A series of tubes which liad 
been recently inverted and then allowed to settle for a few minutes is 
shown in Fig. 1. The titer of sheep cell agglutinins in this instance was 
1 to 128. 

For the sake of conformity with previous work, the readings have been 
recorded in terms of the original dilution of the 0.5 cc. of sera added to 
each tube. With the subsequent addition of 0.5 cc. of the suspension of 
sheep cells and 4 cc. of saline, the dilution of serum becomes much higher 
so that actuallj' the tube designated 1 to 4 contains 0.12 cc. of serum in 

* Experiments were performed upon the optimum time of inactivation, wliich 
proved to be between 15 and 30 minutes. Samples of sera inactivated for longer 
periods of time seemed to show diminution of heterophiie antibody content. 

t The sheep cells, wliich were obtained fresh each week, had been w.-ished three 
times in saline and were allowed to stand in saline in the icebo.v for a period of 2 to 
5 days before using. We are indebted to Dr. G. H. Smith and Mrs. Edna Lyons, of 
the Department of Immunology, Yale University for supplying us mth washed sheep 
cells during the course of this work. 
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Fig. 1. — Sheep cell agglutinin determination. A series of tubes containing sheep 
cells and dilutions of serum, from a patient with infectious mononucleosis. The titer 
is 1 to 12s. A normal control serum (dilution, 1 to 4) is shomi on the right. 


VOL. 1S3, NO. 1. — j.\Nu.A.ay, 1932 


4 



94 


PAUL, liUNXKIJ,; INTECTIOUK -MONONUCLEOSIS 


2 ec. of cell suspension; that designated 1 to S contains O.OG cc. of serum, 
in _ cc_. of suspension. Legends for recording the readings are given in the 
following terms: 

■f++ firm disk. 

4-+ disk easily broken into large flakes. 

+• fine agglutination. 

barely perceptible, but definite agglutination. 

Sheep Cell llcmotyelius. In the observations recorded below all of the 
re.sults have been given in terms of sheep cell agglutinins. Sheep cell 
hemolysins were found to parallel tlie agglutinin content with such regu- 
larity that the former have not been recorded. In many of our earlier 
determinations both tests were run and were found to serve as a rough 
check, one for the other. 

lIemoly.sin tests were run as folloAvs: Original dilutions of 0.5 cc. of 
inactivated sera, similar to those used in the agglutinin tc.sts, were employed. 
To these 1 cc. of guinea jiig complement in a dilution of I to 80 was added, 
then 0.5 cc. of a 2 per cent suspension of sheep cells, followed bj' 1 cc. of 
saline, thus bringing the total volume to 8 cc. in each tube. The tubes were 
shaken, placed for 1 hour in a water bath at 8S° C. and read. 

Results. Sheep Cell Agghidmns in Normal and General Ilospifal 
Paiicnis. Before attempting to interpret our findings in different 
clinical conditions, it seemed important to assemble a large group 
of control cases, including as many normal individuals as possible, 
in order to obtain a base line for subsequent sbulies. Similar Avork 
on the measurement of hctcrophilc antibodies in large groups of 
normal individuals or hospital patients may be briefly reviewed 
as follows: 

The presence of hemolysins and agglutinins for sheep cells in low 
dilutions of supposedly normal human sera has been repeatedly 
observed.^- "■ ® Some investigators'* also give figures to show tliat 
tlieir occurrence in human beings may be influenced somewhat by 
the blood group of tlie individvml from which tlic serum is obtained. 
In Davidsohn’s first studies'' on tlic presence of sheep cell agglutinins 
in normal individuals, representing a series of 450 adults, he found 
them to be present in the low dilution of 1 to 4 in 4.2 per cent. 
Subsequently,® in studying a larger series (which included 850 
adults and diildren) he found 9 per cent to possess agglutinins for 
sheep cells in dilutions of 1 to 4, only a few in dilutions of 1 to S; 
and none in higher dilutions. He believed the higher percentages, 
present in the second series, ndiicli included cliildren, to be due to tlie ■ 
increasing number of tlierapeutic immunizations with various sera 
administered during cliildhood. Agglutinins for the blood cells of 
other animals were studied by this author Avho records the presence 
of ox, guinea pig and rabbit blood cell agglutinins in a mucli higher 
percentage of normal individuals, thus placing sheep cells in a ratlier 
unique position from the standpoint of their reactions Avith human 

sera. . . i 

A more extensive study on the incidence of nonspecnjic agglu- 
tinins in man is that of Friedberger and his coworkers.*® These 
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investigators have determined the presence and concentration of 
sheep cell hemolysins and rabbit cell agglutinins in individuals of 
different age groups, finding that botli sets of antibodies were 
absent at birth, that they were demonstrable in low concentrations 
among 20 per cent of infants during the first year of life; 60 per cent 
by tlie fifth year, and 90 per cent by the tenth. This high incidence 
remained throughout adolescence and. early adult life, but subse- 
quently fell slowlj^ to about 20 per cent in old age. In interpreting 
these findings the German investigators have raised tlie question 
as to whetlier defensive antibodies maj" not be formed in growing 
children as an expression of wwinnologic maturation. 



AVERAGE TITER PER CENT OF 1-4 TITERS 

Fig. 2. — The age distribution of sheep cell agglutinins in sera from a series of 

275 general hospital patients. 


Our own eontrol studies on the presence of sheep cell agglutinins 
in human sera have been made with particular reference to their 
concentration in difl'erent sets of clinical conditions. We have 
not succeeded in assembling a very large series of normal controls, 
but in our series of 275 general hospital patients there were many 
individuals in whom there was no reason to suspect an infection or 
any deviation from the normal antibody content of their sera. 
An accurate histoiy in each individual with regard to the injection 
of horse serum for therapeutic or prophylactic purposes was not 
obtained. However, in. none of tlie 275 control patients, included in 
this series, were sheep cell agglutinins found in unusually high concen- 
tration. We attempted to secure a wide age distribution in this 
group by including placental blood, infants under 1 and 5' years, 
and adequate groups of individuals representing different decades 
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of life up to the age of 70. The rcsult.s are shown in Fig.’ 2, Here 
it will he seen that in none of the W samples of placental or cord 
blood were sheep cell agglutinins pre.sent. There is a rapid rise during 
tlie first .0 years of fife reaching an irregular peak l)ctween 5 and 15, 
at wliich time the average concentration is close to 1 to 8; it then 
undergoes a gradual decline. If e.vpres.scd in terms of the percentage 
of individ\ials in whom sheep cell agglutinins were demon.strable 
in a coiicciitrniion of 1 to 4 it rvill he seen that there is a .sharp rise 
from zero at birth to SO per cent hy the fifth year, and 8G per cent 
by the fiftccntli year. It then declines to 60 per cent hy tlio tliirtictli 
year; 54 per cent hy the fortieth; and 40 per cent hy the si.xtieth year, 
etc. Our findings show the relative frequency with which low con- 
centrations of sheep cell agglutinins are usually found in human sera, 
and furnish a rough base line on which dcA’iations from tlie average 
curve may he ascertained. They arc essentially in agreement witli 
those of I'ricdherger d tiL, who in a similar manner have studied 
the age di.strilmtion of sheep cell hemolysins and rabbit cell agglu- 
tinins in a grou]) of hospital patients. 

Sheep Cell Agghilimufi in Varions Clinical Conditions. In Table 1 
are .shown some of the clinical conditions in whicli our determina- 
tions of sheep cell agglutinins have been made. In Group II, which 
includes a number of difi'erent examples of infectious disease, there 
seems to be a slight tendency for maximum titers to run above the 
usual figures (Fig. 2), although only in a single instance was a titer 
of 1 to 32 recorded. .Seven cases of serum disease are shown in Group 
in which a very appreciable increase of tlie agglutinin titer was 
found in 90 per cent of the casc.s. In Group V are recorded the 
findings in tlie 4 cases of infectious mononucleosis wliich we had 
tlie opportunitj' of .studying. In all of them titers are recorded 
w’hicli arc higher than those observed in our most severe cases of 
serum disease, in one instance representing an original dilution 
of 1 to 1024.* A number of examples of otlier blood dyscrasias 
have been assembled in Group VI, including 2 cases of chronic 
lymphatic leukemia. In none of tliese, liowever, was an increase in 
the sheep cell agglutinins observed, except in a single case wliich 
will be discussed more in detail later. These findings show tliat tlie 
presence of a high concentration of heterophile antiliodies is a fairly 
consistent feature of infectious mononucleosis, and that apart 
from the cases of serum disease, appreciable amounts of heterophile 
antibodies have not appeared in our controls, except in one notable 
CH-SC. 

The Relationship of Sheep Cell Agghdinins to the Synipiomatohgy 
of Infcciioits Mononucleosis. Brief clinical details of 2 of out 4 
cases are given in tlie following case reports. The temperature 

* Absorption determinations were run in one of our cases of infectious mono- 
nucleosis. It was sbown that the aRptlutinins could ho absorbed by gliocp cells. 
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llefiroPL'ntiiiK a total of 1 cases. 
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curves, blood counts, and lietcrojihiie antibody titers are also shown 
in Figs. 3 and 4. 

Case Reports. Cask 1. — Fc, a wliite, male, mcclicnl student, aged 
22 years, was admitted to the New Haven Hospital on February 7, 1930, 
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Fig, 3.— Case 1. Infectious mononucleosis. 



Fig. 4.— Case 2. Infectious mononucleosis. Legends as in Fig. 3. 
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complaining of malaise, headache, fever and swollen and tender glands. 
He was a member of the class in clinical microscopy and as such had per- 
formed a number of leukoc 3 ''te and differential counts upon himself 1 month 
prior to the onset of his illness. Fortunatel}'' we had preserved one of these 
smears which showed a normal differential count. 

For a period of 10 da 5 ’-s prior to the development of acute symptoms he 
had_ been feeling below par. Three days before admission he felt weak and 
noticed that the glands in his neck and axilla were swollen. Apparentl}^ 
he had not suffered from sore throat. 

On admission his temperature was found to be 100° F. The throat was 
red, but there were no lesions in the oral cavity. There was marked 
enlargement of cervical lymph glands and slight redness of the overlying 
skin; the axillary and inguinal lymph glands were also enlarged. The total 
white blood cell count was 12,800, of which 75 per cent were lymphoid 
cells, and 13 per cent were monocj'^tes. A throat culture showed an essen- 
tially normal flora. The blood culture was negative. On the day after 
admission he complained of chilly sensations, some photophobia, and hyper- 
esthesia over the skin of the neck. Four days later the temperature began 
to fall and the lymph glands to recede in size. His course and subsequent 
blood counts are shown in Fig. 3. 

On the seventh day of his iUness sheep cell agglutinins were found in this 
patient’s blood to the unusually high dilution of 1 to 1024; on the thirteenth 
day the 3 '’ were present in a dilution of 1 to 128. The presence of other 
agglutinins was also investigated in samples of serum obtained on the 
seventh and thirteenth days of his disease. Tests were made against 
Bacillus typhosus. Bacillus paratyphosus A and B, Bacillus proteus X-19 
and Brucella abortus. Agglutinins were not demonstrated for any of these 
organisms in dilutions of 1 to 20 or higher. 

After his discharge from the hospital, blood counts were obtained at 
intervals of 2 to 4 months. A slight increase in monocytes was noted in 
three of these counts. Sheep cell agglutinins, when tested 11 months after 
his iUness, were found to be within normal limits. 

The interesting feature of this case was the extraordinary high titer to 
which sheep cell agglutinins were demonstrated during the early stages of 
a relatively short, febrile illness, together with the fact that the titer had 
begun to fall with the subsidence of symptoms. The blood count continued 
to show a shght increase of monocytes almost a year after his illness, but 
at this time sheep cell agglutinins had fallen to within normal limits. 

Details of anotlier case appear below, and are also shown in Fig. 4. 

Case 2.— Mz, a white, female, medical student, aged 21 years, was 
admitted to the New Haven Hospital on October 26, 1930, complaining of 
fever. 

She gave a previous history'" of having had frequent attacks of tonsilhtis. 
A week prior to admission she had had a shght sore throat; 2 day^s later 
her temperature had been 101° F., and later 104° _F. 

On admission the patient was slightly jaundiced; there was diffuse 
redness of the pharynx and generalized glandular enlargement. The liver 
and spleen were easily palpable. The total wlflte blood cell count was 
8000 per c.mm., with 65 per cent lymphoid cells and 12 per cent monocj’tes. 
The throat culture showed many'" hemolydiic streptococci; an occasional 
spirillum and fusiform bacillus was seen in the stained smear. Her subse- 
quent course is shown in Fig. 4. 

The jaundice became more intense, and on the tenth day' of her disease, 
the icteric index was 36; the van den Berghgave a positive indirect reac- 
tion, quantitatively equivalent to 6.25 mg. of bilirubin per 100 cc. of blood. 
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thllrZl^nZn? the injection of broinsulplmlein at this 

tmic, shotted the presence of oo per cent of tiie dye in tiic scrum 5 minutes 
after injection and 20 per cent 30 minutes after injection. 

a febrile course, which in all lasted about 15 days, there 
ehiml T? of symptoms, with diminution in the size of the 

Murids, a iie niononucIcoHis was still marked on the eighteenth day of the 
di. ease. Four months later the blood rmding,s were c.«sentiallv* normal 
except that Jnonoc 3 '(c.s numbered S per cent. 

i'cr illness sheep cell aggiutinins were present in a titer 
of 1 to ol2; during early convalescence the titer was 1 to 25G. Four months 
later agglutinins were absent. 


.S/ircp rrlf. Agfjhtiwim in CotuIHionfi Other than Scrum Disease 
and Infectious Monoimclcosis. In one of Davidsohn’s articles the 
aiitliors call attention to the fact that a higli titer of sheep cell 
agglutinins may rarely occur in certain pathologic conditions other 
tlian tliose in wliicli horse scriiin lias been injected, recording a 
single instance of a jratient receiving insulin injections, in whom a 
titer of 1 to G4 was otiservcd.” Among tire manj’ examples of 
diflercnt pathologic conditions whicli we have studied, a titer 
above 1 to 32 was not observed, except in our cases of serum dis- 
ease and infectious mononucleosis. There was, however/ one notable 
exception whidi was an obseure case terminating fatally. Clinical 
details of this case arc shown briefly in Fig. 5 and in the following 
case report; 



Fig. S. — An obscure case tenninating fatally in whieh sheeP'cell agglutinins were 
found shortly before death in a titer of 1 to 128. Legends as in Fig. 3. 

Case 3. — Pe, an Italian female, aged 19 j'ears, was admitted to the • 
New Haven Hospital on October 16, 1930, complaining of fever, sore throat 
and weakness. She had apparently been suffering from these symptoms 
for a period of 2 months. On examination there was marked pallor and 
some emaciation. The tonsils were enlarged as were also some of the 
regional, cendcal l 3 Tnph glands, but this was not pronounced. The spleen 
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was palpable. An eye ground examination revealed retinal hemorrhages, 
although bleeding was not particularly prominent elsewhere. Blood 
cultures were consistently negative. 

The initial examination of the blood showed 1,200,000 red cells and 
1200 white cells, with an absence of polymorphonuclears. The platelets 
numbered 75,000 and SO, 000 on two examinations. Subsequent blood 
findings are recorded in Fig. 5. 

The patient’s course was steadily downhill. Two weeks after admission 
she developed a,n ulcerative lesion on the right tonsil from which Vincent’s 
spirilla and fusiform bacUli were demonstrated. On the eighty-ninth day 
of her disease she was discharged from the hospital against advice and died 
at home a few days later. A satisfactory diagnosis of this case was not 
reached. In many respects the white blood cell picture recalled that of 
agranulocytic angina, although the severe anemia spoke against this, and 
the case has been listed by us as either an example of aleukemic leukemia or 
aplastic anemia. 

. A single determination of the agglutinins for sheep cells was made on 
the seventy-fifth day of her disease. They were found in a serum dilution of 
1 to 128. Prior to this determination she had received a number of blood 
transfusions (Fig. 5) . We do not know what effect this may have had upon 
the heterophile antibody content of her serum. The patient was Group B, 
and the cells of this group do not contain the heterophile antigen.^* 

Ohservaticrns on the Relation of Vincent’s Infection to Infectious 
Mononucleosis. Although the causative agent of infectious mono- ' 
nucleosis is unknown, many bacteria have been incriminated, not- 
ably members of the streptococcus group, diphtheroid bacilli, and 
Vincent’s organisms. The association with bacteria thought to 
cause lesions in the mouth and tliroat is strong owdng to the frequent 
presence of tonsillitis and oral lesions as an initial symptom of the 
disease. Recently, however, several observers have raised the 
question as to whether the disease may not be due to a vibrio. 
Nyfeldt^^ has reported the isolation of such an organism from the 
blood of a patient ill witli infectious mononucleosis. Gorham, 
Smith, and HunP^ have also assembled evidence, through the inocu- 
lation of guinea pigs, to show that a vibrio may be of etiologic 
import. 

We have not gathered data whicli have bearing upon questions 
of tlie etiology of infectious mononucleosis, except perhaps a few 
observations which concern the relationship of Vincent’s organisms 
to tliis disease. This possible relationship has been approached 
from three angles: (a) The incidence of Vincent’s organism in the 
throats of our small series of patients; (b) an estimation of hetero- 
phile antibodies in serum from control cases of ’i^incent’s angina; 

(c) tests to establish whetlier or not Vincent’s fusiform bacilli 
contain the heterophile antigen. 

(a) The Incidence of Vincent's Organisms. From 3 of our 4 cases 
of infectious mononucleosis, Vincent’s organisms were obtained, 
as follows: Patient 4 (Pn) had an ulcerated lesion on the tonsil 
from whicli spirilla and fusiform bacilli could be demonstrated in 
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remarkable. In Patients 2 (jMz), and 3 (I3d), Vincent’s organisms 
"were demonstrated in smears from tlic gums but not m large num- 
bers. In botli of tliese patients the tonsils were inflamed and appre- 
ciable numbers of hemolytic stro])tococei were present in tlic throat 
cultures. In Patient 1 (Fe), Vincent’s organisms were not found; 
tlicrc were no appreciable tonsillar lesions, and the tliroat flora 
failed to show any abnormalities. 

(b) riw^ Defermiuatinu of Ilcfcrophilc Aniihodics iv Vincoit’s 
Amjina. Two cases .sufl'cring from ulcerative lesions of the montli, 
from whicli large numbers of spirilla and fusiform l)acilli could he 
demonstrated, are included among our scries of controls in Table 1. 
In ncitlier of tliem were sheep cell agglutinins demonstrable in tlie 
serum. It follows, therefore, that if one assumes tliat Vincent’s 
organisms are in any way responsible for the disease known as infec- 
tious mononucleosis, one must also assume that a far more extensive 
antibody response is elicited in this disease than is seen in the usual 
case of Vincent’s angina. 

(c) Teals io Determine Whether or not Vincent's Fvsiform Dacilli 
Contain the Ilctcrophilc Antigen. Two rabbits were inoculated with 
suspensions of living organisms from a stock strain of fusiform 
bacilli.* In botli rabbits specific agglutinins for the strain of fusi- 
form bacillus employed as an antigen were rapidly developed in 
high titers. In neither antisera were hctcrophile antibodies (demon- 
strable as agglutinins for sheep cells) detected at any time during tlie 
process of immunization. It is, perhaps, unfortunate that we did 
not use a strain whicli had been isolated from one of our cases of 
infections mononucleosis, and also that suspension of spirilla were 
not tried for the immunization experiments, but the difficulty of 
growing these organisms precluded tlie determination of these 
points. 

Certain complexities arise in tlie interpretation of this experiment 
largely because of our limited knowledge of the properties of Vin- 
cent’s organisms, for the relationship between the spirilla and fusi- 
form bacilli is not clear. However, it has seemed somewhat perti- 
nent to us that tlie particular strain of fusiform bacilli whicli we did 
test, proved to be one which failed to elicit the slightest degree of 
heterophile antibody response. 

Discussion. Our findings indicate that sheep cells agglutinins and 
hemolysins appear in surprisingly high concentrations in the serum 
of patients during the acute stages of infectious mononucleosis. 

It is difficult to conceive of this phenomenon other than as an exam- 
ple of heterophile antibody production, perhaps analogous to the 
response which is known to exist in the acute phases of serum dis- 
ease as a result of the injection of horse serum. Although the 

* We are indebted to JVIr‘. L. tV. Slanetz, of the Department of Bacteriology, Yale 
University, for these cultures. The strain had been isolated from the gums of a patient 
^ several months 'previously and had been gron-n anaerobically during this time. 
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mechanisms involved are not clear, it is unlikely that the disease 
known as infectious mononucleosis should be the only condition in 
which this response is elicited without the artificial introduction 
into the body of a substance containing the heterophile antigen. 
Indeed, one exceptional case, which we have already reported above, 
would suggest that it may occasionally be demonstrated in other 
conditions. Nevertheless, in spite of the fact that the limits of the 
reaction which we have described have not been tested, it would 
seem to be of some diagnostic value. In a sense, however, it appears 
to be of more tlieoretical than practical interest. Theoretical 
interest centers about the fact that heterophile antibodies may 
be produced or enlianced during the course of human infectious 
disease, and in one disease in particular, in which the etiology has 
not been established. Furthermore, that two elinical entities with 
widely differing symptomatology, such as serum disease and infec- 
tious mononucleosis, would elicit the same type of serologic 
response is also worthy of. interest. In serum disease the phe- 
nomenon of heterophile antibody production would seem to be 
more or less explainable, but in infectious mononucleosis we have no 
rational explanation. A possible one would be that these antibodies 
are produced as part of the direct immunologic response to infection 
by the unlmown agent producing the disease. This theory will be 
difficult to prove, however, until the unknown infective agent is 
isolated and tested for the presence of the heterophile antigen. 
In the light of this approach, however, we have been unable to 
secure evidence that Vincent’s fusiform bacilli are of etiologic 
import in this disease. On the other hand, it is also conceivable 
that the phenomenon which we have described is in the nature of 
an isoagglutinin response to the presence of an excess of abnormal 
cells eiffier present in the blood or elsewhere. In any event, how- 
ever, further work on this problem should logically be concentrated 
upon a search for the carrier of the heterophile antigen which prob- 
ably lurks somewhere in the human body during the active stages 
of this disease. 

Conclusions. 1. Heterophile antibodies, demonstrable' in the 
form of sheep cell agglutinins, have been recorded in rather high 
concentrations in the active stages of 4 cases of infectious mono- 
nucleosis. 

2. Apart from cases of serum disease, and one notable exception, 
we have failed to note this finding in a large series of cases represent- 
ing a variety of clinical conditions, including cases of Vincent’s 
angina, lymphatic leukemia and other blood dyscrasias. 

3. There would seem to be two possible explanations for this find- 
ing : (1) that the unknown agent responsible for infectious mononu- 
cleosis contains the heterophile antigen; (2) that we are dealing with 
an example of isoagglutinin production elicited by abnormal cells, 
which are present either in the blood, or elsewhere, during active 
stages of the disease. 
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MYELOID CELL HYPERPLASIA OF THE BONE MARROW IN 
AGRANULYOCYTIC ANGINA. 

By Thomas Fitz-Hugh, Jr., M.D., 

ASSOCIATE IN MEDICINE, 

AND 

E. B. Krumbhaar, M.D., 

PBOFESSOn OF PATHOLOGT, 

PHIIiADEIiPHIA. 

(From the Medical and Pathologic Divisions of the Hospital of the University of 

Pennsylvania.) 

The current concept of the bone marrow changes in so-called 
agranulocytic angina is that there exists, at least terminally , a 
or less complete absence* of white cells of the granular (myeloid) 
series. This “granulocytic aplasia” concept has developed partly 
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on the basis of bone marrow studies indicating an apparentlj^ selec- 
tive disappearance of the granular leukocytes and their progeni- 
tors and partly on the basis of analogy to established findings in cer- 
tain other conditions, such as benzol poisoning, with its “selective” 
attack on formative tissues of the granular cells and blood platelets. 

The possibility that such a concept may not be entirely well founded 
in fact, and may be misleading in implication, has come to mind 
from personal study of the bone marrow of 3 recent fatal cases. 
In 1 of these, reported below, the marrow of most of the bones 
examined contained “actively hemopoietic areas” filled with mye- 
locytes, promyelocytes and myeloblasts, while the peripheral blood 
contained only 200 white blood cells per c.mm. (all lymphocytes). 
Similar, although less obvious, absence of myeloid white cell aplasia 
was found in the marrow of the other 2 cases. One of these died 
after months of illness characterized by repeated severe relapses 
and incomplete remissions. This patient’s marrow, in most of the 
bones, was more nearly aplastic as regards granular series cells than 
any other marrow of such cases personally examined; but even this 
one showed numerous myeloblasts and a few myelocytes in the rib 
marrow, whereas her terminal white blood count was only 500 cells 
per c.mm. (all lymphocytes). 

Necropsy was performed in these cases within 2 hours of death, 
and fresh bone marrow, spleen and lymph node smears were stained 
at once by the usual hematologic methods (Wright’s, oxidase and 
cresyl blue). We believe this fresh smear technique to be a valu- 
able hematologic adjunct to the study of the routine marrow 
sections of the pathologist. 

While the majority opinion and findings of those who have reported 
on this disease would seem to favor the “aplastic” marrow hypoth- 
esis, there are several reports of myeloblastic and myelocytic 
hyperplasia on record,^ to which the following is added; 

base Report. Mrs. L. S., a widow, aged 58 years, white, a native of 
Pennsylvania, was admitted to the care of Dr. F. C. Wood, University of 
Pennsylvania Hospital, on May 17, 1931. She had been well, except for 
occasional “neuritis” in her right arm and occasional sore throats, until 
May 15, when, following exposure to inclement weather, she developed 
increasing sore throat, fever and vomiting. Dr. Wood saw her on the 
morning of May 17 and made a leukocyte count which showed “less than 
1000 leukocytes” per c.mm. and confirmed his clinical suspicion of 
“agranulocytic angina.” Her past medical history included quinsy in 
childhood and several attacks of sore throat and vomiting in the past 2 
years which seemed to her just like the present attack. In addition she 
had suffered from chronic discharging otitis media for some years, frequent 
headaches, acne and chronic constipation. She had “malaria” in adoles- 
cence and transient glycosuria (1911 to 1913). Intermittently for about 
20 3 "ears the patient had noted recurring purpuric spots on her bod.v, but 
had suffered no other hemorrhages. This puqmra ceased spontaneously 
in 1925 and did not recur. There was no suggestion of hay fever, asthma, 
hives or drug idios 3 mcrasy obtainable in her past historj'. 
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Thc famlii hidopj was inlcrcstiiig in llml. of 7 children horn to the 
mtient f? lind died in early infancy and 1 of these had purpuric blotches on 
the skin. Ifcr parents died in old age and 4 siblings and 2 full-grown 
children ivcre reported ns living and well. One sister died of pulmonary 
tubcrculo.‘!is. 


Physical Fuuhn^s. On admission to the hospital, examination showed 
liigli foyer (101 l‘.)i slight jaundice and the rather characteristic mhltiple 
utccration.s in the iiasopliarj'iix and tonsillar regions, each ulcer being 
covered by patchy grayi.sh exudate and surrounded by a very thin zone 
of slight intlnmmatorj' reaction. There was slight general pharyngeal 
edema. Die gnm.s (edentulous) and tongue showed no ulceration. 'There 
was little or no condcal or other ndonojiathy. Spleen and liver were not 
palpably enlarged. Heart, lungs, abdomiiial organs, blood pressure, 
reflexes, etc., were all ‘'nonn.al.’’ No jieteclii.'c, no periplieral edema and 
no vaginal or anal ulcerations were observed. 

Lahoralory Data. "Blood count (May 18, 1931): lied blood cells, 
4,S(K),CKX) per c.mm.; leukocytes, 3.o0; hemoglobin, 14 gms. (90 per cent.) 
DifTercntial: 100 per cent lymphocytes, lied cells and platelets appear 
normal. Platelet count, 20.5,000 per c.iiini. Bleeding and coagulation time 
tests, normal. Reticulocytes, 0.7 jicr cent.” 

May 18; VandenBergh test: Direct, delayed; indirect, 1.2 units. 
Icterus index, 20. 

May IS: Throat smear and culture: No Vincent’s organisms found in 
the smear. Culture showed predominance of Streptococcus viridans and 
many hemolytic Staphylococcus aureus organisms. 

May 18: Culture from right car showed predominance of Bacillus 
pyocyancus, moderate number of nonhemolytic Staphylococcus albus and 
many licmob'tic streptococci. 

May 18: Blood culture, subsequently reported "no growth after 10 
days.” 

May 18: Urinalysis: Acid, 1025; light cloud of albumin, no sugar, 
many hyalin and light granular casts, a few leukocytes (?). 

May 19: IDute blood count, 440 per c.min. (all Ijunphocytes). 

May 20: Blood count four hours before death; Red blood cells, 
4,3(10,000 per c.mm.; white cells, 200; hemoglobin, 15.3 gms. (98 per cent.) 
Wright’s stain and oxidase stain showed nothing but an occasional lympho- 
cyte in many fields. Red cells and platelets normal. 

Course and Treatment. Irregular fever continued, from 100® to 105° F.; 
tachycardia and dyspnea increased with mucus accumulation in the throat 
and trachea, dysphagia and terminal delirium. Tliree blood transfusions 
were administered and x’enesection was performed once. Liver extract, 
calcium gluconate, cod-liver oil, orange juice, oropharjmgeal applications, 
oxj'gen tent and digitalis completed the list of therapeutic attempts. 
Roentgen ray therapy was not undertaken because the patient's condition 
was so grave that removal to the Roentgen ray department seemed inadvis- 
able, especiallj’^ in view of our experience indicating the fatuity of this form 
of treatment. The patient died at 3.40 p.m. on May 20, 1931. _ 

Necropsy Findings. (Aut. 31-513, two hours after death; significant data 
as reported by Dr. IClinck.) "Chronic and acute ulcerative follicular tonsil- 
litis.” Sections from the tonsils showed "luminaof the crjqits filled with 
necrotic material that is loaded with bacterial growths. The lymphoid cells 
are extremely plentiful and the bloodvessels congested. A few large mono- 
nuclears and a few plasma cells are mixed with the lymphocytes. Ao 
pobmiorphonuclears are present.” There was found in some places ‘ much 
necrosis” and in others “much fibrous tissue.” The thyroid gland was 
normal except for "scattered collections of lymphoid cells and some 
"increased interstitial fibrous tissue.” The heart showed some “myo- 
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cardial degeneration; fibrosis of the left ventricle; fatty infiltration of the 
right ventricle.” The lungs showed partial “atelectasis (lower right) and 
congestion;” the liver, “capsular perivascular sclerosis and congestion;” 
the spleen, “fibrosis and congestion” (weight, 140 gm.); the pancreas, 
“fatty atrophy; islet tissue plentiful;” the kidneys, “simple nephrosis;” 
the adrenals were “negative.” The urinary bladder, gastrointestinal tract, 
aorta, l3^mph nodes, uterus and other organs all “negative,” except 
the bone marrow, reported grossly as “moderately hj'perplastic.” The 
bone marrow sections were referred to Dr. Custer, whose special report is 
not j^et published. Howper, he tells us that they show a considerable 
mj’-eloblastic h3fperplasia in the femur, tibia, ribs, etc. (Dr. Custer vdll 
include this case in a series of marrow studies soon to be published.) 

Dr. Klinck made one other observation in this case which ma3’- be sig- 
nificant: L3TOph nodes seemed scarce and hard to find. Postmortem 
culture of the splenic pulp was negative. The heart’s blood showed a pure 
culture of Bacillus coli communis. Pathologist’s chief diagnosis: Agranulo- 
C3'^tic angina. 

Study of Fresh Smear Preparations. Spreads were prepared on 
coverslips and glass slides from: (1) Blood from capillary pipette 
puncture of inferior vena cava, (2) heart’s blood from right ven- 
tricle, (3) rib marrow, (4) sternal marrow, (5) vertebral marrow, 
(6) femoral marrow, (7) tibial marrow and (8) splenic pulp. These 
were immediately stained with Wright’s and oxidase stain, and in 
some instances with cresyl blue. 

I. Spreads of blood from the inferior vena cava showed red cells 
well distributed and of normal appearance (except that 1 normo- 
blast was seen). Platelets were plentiful (in large clumps). The 
3vhite cell count (estimated on the basis of observed ratio of 1 white 
cell to every 2000 red cells, wdth the assumption of 5,000,000 red 
cells per c.mm.) was about 2500 per c.mm. There were obviously 
more leukocytes in this blood than in that obtained 4 hours before 
death. Differential count of these cells w^as 74 per cent lympho- 
C 3 Tes, 5 per cent monoc 3 Tes and 21 per cent indeterminate mono- 
nuclear cells, some of which may have been l 3 mphocytes, some 
possibly monoe 3 ries and several apparently young m 3 '^elocytes 
(Wright’s stain, 100 cells counted). The oxidase stain of the blood 
showed only 2 per cent granular mononucleated cells {i. e., myelo- 
cytes or monocytes) and 98 per cent nongranular (l 3 anphocytes). 
The cresyl blue preparation showed 2 per cent reticuloc 3 Tes. 

II. Heart’s blood spreads were essentiall}'’ similar to the above 
except that no oxidase-posithm cells were found. One endothelial 
macrophage Avas seen Avhich contained remnants of an engulfed 
cell (lymphocyte?). 

III. Rib marrow smears (Wright’s) appeared normal in cellular 
content except for (a) the complete absence of poBmorphonuclear 
neutrophils and eosinophils and (5) the presence of abnormal num- 
bers of young myeloc 3 Tes with pale nuclei and many neutrophilic 
granules in the c 3 Toplasm. Aside from the fat cells, which Avere 
present in no excess, the hemopoietic tissue was composed of: 
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{«) ]\Iyelo{‘,ytc.s aiul proiuydocyles, nhoiit 20 per cent. (Fig, ].) 
{li) Lymj)liocytes, about 10 percent, (c) Unidentified mononuclear 
cells of varying sizes (larger than the obvious lymphocytes), with 
])alc nuclei and nongranular or finely granular cytoplasm (cither 
myeloblasts, monocytes or lymphoblasts; probabl.v myeloblasts), 
about 20 ])er cent, (d) lied blood celts, including numerous normo- 
Idast.s and a few ma(;ronormoblasts, about 50 per cent, (e) An 
occasional typical megakaryocyte. (/) A few gigantic cells, each 
with a large fairly well-defined nucleus (containing nucleoli) and a 
wide gra,vish blue finel.v tnottled cvtoplasm containing vacuoles 
and mai'ginal inclusion boflies, which were inter{)rctcd as hyper- 
trojdiicfl reticulo-(.'ndotheiial cells. (Figs. 1 and 2 .) 

O.viilaso pre])arations of the rib marrow showed an essentially 
similar picture. A dilferential count of .500 white cells in scattered 
areas showed 42 j)er cent granular mononuclear cells (presumably 
myelocytes) and 5S jier cent nongranular cells (lymjjlioc.vtes, 1113 ^ 0 - 
loblasts and possiblv monoc.ytcs). I’iftv normoblasts were seen 
while counting 500 ndiite cells. TJie gigantic cells previously 
described from Wright’s .stain preparation appeared to be nongrami- 
lar in the o.vidasc stain. 

Sternal and vertebral marrow spreads all showed a less 
definite picture of m.vcloid white cell activit.v, prcsnmabl.v because 
of osteosclerosis which rendered tlic smear method unsatisfactor.v. 

V. Femoral marrow spreads were ver,v similar to those of tlie rib 
marrow, exccjit for a greater proportion of red cell elements in 
comj)arison to white cells. (Fig. 2.) 

VI. Tibial marrow smear.s (from the point selected at necropsy) 
were entirely fatty. 

VII. Splenic pulp smears (Fig. 3) showed nothing but profusion 
of l.ymphoc.ytes and Ij-mphoblasts and a few red cells (Wright’s 
stain). These cells were all nongranular in the oxidase preparation. 

Discussion. The jiresencc of bone marrow progenitors of the 
granular series of blood cells in this case was not the result of 
Roentgen raj" stimulation^ Irecaiise this patient did not receive any 
such treatment. That these cells Avere raj^elocj^tes and mj^eloblasts 
(rather than monoc,ytes) seems evident, although no supraAutal 
technique was emploj^ed in the staining. Death in this case AA'as 
due to the disease itsdf rather than to some intercurrent condition 
AAdiich might be conceiA-ed as cutting short the course before the 
bone marroAV lesions had deA'eloped to their final stage.'' 

The general leukopenia of this disease inAmh'^es not onlj^ the 
granulocytes proper but usually the lymphocjdes and monocytes 
as Avell.^' The absolute lympliopenia may be considerable even 
though the relative percentage is greatly increased . Other elements 
of the blood are rarel.y affected. The case here described, together 
Avith others referred to, make it clear that, at least occasionally, 
death maj^ occur in uncomplicated “agranulocjffic angina’ Avith a 




Fig. 1. Rib marrow (Wright’s stain), showing myelocytes, myeloblasts (here 
appearing very pale), a few lymphocytes, red cells and a large reticuloendothelial 
cell in the center. ( X G44.) 



Fig. 2. — Femoral marrow (high magnification), showing a gigantic reticuloendo- 
thelial cell, several myelocytes and red cells. (X 1472.) 



Fig. 3.— Splenic pulp smear Oow magm'fication). showing the small dark lymph^ 
cytes; the larger pale, lymphoblasts and monocytes, and red cells (It right s_Btain). 
( X 368.) 
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profound peripheral leukopenia, Avhile at the same time the leuko- 
poietic centers for granulocytes and lymphocytes (and monocytes?) 
are well supplied with parent cells. The fact that this state of 
affairs may exist, even in an occasional case, serves to emphasize 
the apparent inadequacy of the general “granulocytic aplasia” 
hjqiothesis. 

It would seem more probable here that a “maturation factor” is at 
work, either arresting development of white cells in their formatiA^e 
centers or producing degenerative changes in them before sufficient 
development for normal migration into the bloodstream, or possibly 
a combination of both factors. This hypothetical factor would con- 
ceivably check the granular series of blood cells at the myeloblast- 
myelocyte stage in tlie bone marrow and the l 3 ^mphocyte series at 
or near the Ij^mphoblast stage in the spleen and Ij^mph nodes. 
Viewed from this standpoint, the analogies to pernicious anemia are 
obvious. Pernicious anemia too has remissions and relapses. It too 
is, as 3 "et, an “ idiopathic” disorder with probablj’- a “ eonstitutional” 
background of prime importance. It too maj'’ be closely mimicked 
bj" other disorders. Its relapses are charaeterized b,y megaloblastic 
hj^perplasia of the bone marrow caused, according to the modern 
view (Minot), bj^ some maturation-inhibiting factor directed against 
the red cell series. This concept, transposed to the white cell dis- 
turbances of “agranulocytic angina,” would in no way deny the 
probability of a terminal, secondarj^ destruction (or “aplasia”) of 
bone marrow, spleen and lymph node cells in many instances, such 
as is known to occur in the bone marrow at the end (“aplastic”) 
stage of untreated or poorly treated pernicious anemia. 

For these reasons, and with apologies for adding another variant 
designation to this already much-named disease, the term pernicions 
leukopenia is suggested. 

It is, of course, not contended here that anything approximating 
proof of a maturation factor in the disease has been adduced. The 
entire problem of the mechanism of leukocytosis and leukopenia in 
relation to the leukopoietic organs themselves is unsolved. Aleu- 
kemic and leukopenic forms and phases of leukemia and intermit- 
tent purpura hemorrhagica, as well as pernicious anemia, all present 
certain interesting analogies to the disease under consideration. 

Summary. 1. Mj^elocytes and myeloblasts were found in the 
bone marrow at necropsj^ in more than normal numbers in a case 
of typical “agranulocytic angina” whose antemortem blood count 
was 200 white cells per c.mm. (all Ij^mphocjte), i. e., a marked 
absolute reduction of l.ymphocj^tes and absence of all other white 
cells. 

2. Based on this and similar cases recorded in the literature, 
objection is raised to the current h.vpothesis of “granulocytic 
aplasia” as constituting the “primary” pathologic mechanism of 
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the discflsc, and in its place an hypothesis of maturation arrest” 
is proposed for consideration and future study. 

0. Inasmuch ns tlicrc is an ab.solute reduction of lymphocytes 
in the blood stream as well as of neutrophils and on account of cer- 
tain analogies with iicrnicious anemia, designation such as pnrni- 
cinii.s leukopenia is suggested as preferable to the more widely used 
names for this disease. 
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The response^of the reticulocytes in pernicious anemia to effec- 
tive material gives information regarding the potency of the sub- 
stance administered, the rate of rise of the red blood cells and the 
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desil’able dose for a given case. It aids in determining whether the 
patient has difficulty in absorbing or utilizing the product when 
given orally and can thus lead to the advantageous use of a product 
given parenterally. Because this reaction has been shown to be 
of distinct value in pernicious anemia a study is being made of the 
response of the reticulocytes to iron in anemias that can be affected 
by this element.* Some of the information so far obtained from 
the oral administration of iron is presented here. 

Data concerning positive reticulocyte responses have been 
obtained for over 100 cases, but only complete data for 66 cases 
and partial data for 20 additional cases first treated with maximal 
amounts of iron are for consideration at present. Those patients 
who have responded distinctly, but to varying degrees, to iron 
therapy include cases of anemia due to chronic blood loss with and 
without recent acute exacerbations, dietary defects, gastrointestinal 
disorders and pregnancy. Cases of ill-defined anemia, especially 
in women, and cases of idiopathic hypochromic anemia (simple 
achlorhydric anemia) are also included. In many cases more than 
one cause for anemia was present, including such complications as 
infections. 

In cases of pernicious anemia without serious complications 
treated with maximal amounts of liver or potent substitute the 
height of the reticulocyte rise is inversely proportional to the level 
of the red blood cells directly before treatment. There is also a 
relation of the same sort between the hemoglobin level and the 
numbers of reticulocytes at the peak of their rise. Similar but 
less exact relationships exist for the anemias responding to iron, 
as is illustrated in Figs. 1 and 2. Each case was treated daily 
with from 3 to 4 gm. of ferrous carbonate or 4 to 6 gm. of iron 
and ammonium citrate. In all instances the hemoglobin and red 
blood cells increased to normal or to a very considerable degree. 
The patients were all adults, except for 2 children under 5 years 
of age, who had distinctly high reticulocyte responses. It is 
possible, owing to the character of the bone marrow in youth, that 
under comparable circumstances a relatively greater response of 
reticulocytes will occur in children than in adults. 

Infections and otlier complications, such as pronounced arterio- 
sclerosis, appear to hinder the action of iron just as they hinder the 
effect of potent material in pernicious anemia. Such conditions 
in the cases responding to iron appear to have played only a slight 
role in causing a more widely spread distribution of maximal 
reticulocyte rises than in comparable cases of pernicious anemia. 
However, the incidence of complications, especially infections, 
among the 16 cases with the lower reticulocyte rises for a given 

* The iron salts administered vreie not puriSed, but were ones commonly pre- 
scribed which are usually contaminated 'with small amounts of copper and sometimes 
•with other elements. 
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Fjo. 1. — TJio relationship Iwtwccn the level of the red blood cells before trenfmont 
with iron and the i)ercentnp:c of reticulocytes at the iicnk of their rise. Each dot 
represents 1 ease. The black dots rejiresenl nncomplicatcd cases of anemia duo to 
chronic blood loss or to chronic dictnrj’ deficiency which manufactured blood in 
response to iron feodinR at a maximal rate. 
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red blood cell level below 3 million per c.mm. was four times as 
great as for the other 33 cases with comparable numbers of cor- 
puscles. A similar state of affairs exists for a comparison with 
the hemoglobin level. When data were studied for uncomplicated 
cases of anemia due to chronic blood loss or chi-onic dietary defi- 
ciency (black dots, Figs. 1 and 2) responding to iron with maximal 
production of hemoglobin and red blood cells, it was found that 
the number of reticulocytes at the peak of their rise could be cor- 
related more closely with the hemoglobin than with the red blood 
cell level. This becomes particularly evident in cases with dis- 
tinctly low hemoglobin values and essentially normal red blood 
cell counts, so that distinct rises of reticulocytes occur in response 
to iron with red blood cell levels at which in pernicious anemia 
insignificant reticulocyte increases take place. Thus, in the types 
of anemia under consideration for a' given red cell level above 
approximately 2.5 million per c.mm., a greater rise of reticulocytes 
occurs in response to maximal doses of iron than in pernicious 
anemia in response to adequate amounts of liver and allied pro- 
ducts. It is rare to have uncomplicated cases of anemia responding 
to iron with red blood cells below 1.5 million per c.mm., so that a 
comparison at very low red blood cell levels is difficult to evaluate. 
However, with red blood cell levels below approximately 2.5 million 
per c.mm. the rise of reticulocytes in response to adequate therapy 
appears to be somewhat similar in the different types of anemia. 
On the contrary, in pernicious anemia with hemoglobin levels below 
about 10 gm. (64.1 per cent)* the rise of reticulocytes in response 
to adequate treatment is progressively greater than in “secondary” 
anemia. Below the level of about 5 gm. (32 per cent) hemoglobin 
the increase of reticulocytes in pernicious anemia is on the average 
at least double that which occurs in “secondary” anemia. This 
state of affairs suggested that in order to evaluate fully the reticulo- 
cyte response to iron, especially if the red blood cells are above 
2.5 million per c.mm., there should be considered both the hemo- 
globin and red blood cell level. Data at hand suggest that relation- 
ships exist between the reticulocyte response and the corpuscular 
volume, hematocrit and state of the bone marrow, as told by the 
numbers and characters of the white blood cells; but these matters 
will not be discussed here. 

An unselected series of 66 cases was divided into two groups 
according to whether the color index was below or above 0.66. 
(Fig. 3.) The mean red blood cell counts of each group were essen- 
tially the same, namelj'-, 3.15 and 2.95 million per c.mm., respec- 
tively. The first group of 32 cases had a mean hemoglobin of 

* Grams of hemoglobin indicate grams per 100 cc. of blood determined bj’ the 
Sahli hemoglobinometer, allowing that 15.6 gm. of hemoglobin arc equivalent to 
21 volumes per cent oxygen capacity as determined by the van Slyke method, or 
100 per cent hemoglobin. 
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5.3 gra. (3‘1.2 per cent) and a mean color index of 0.54; the second 
group of 34 eases had a mean licmoglobin of 7.4 gm. {47,3 per cent) 
and a mean color index of O.S. A plot of the daily average reticulo- 
cyte count after iron therapy was begun shows that the curve for 
the eases with the lower mean hemoglobin and color index rises 
faster and one-iifth again higher than for the eases with the higher 
mean hemoglobin and color index. A further survey of the rela- 
tionships between the reticulocyte rcsjionsc to iron and the color 
index, red blood cell and hemoglobin levels is presented in Fig. 4. 



Fig. 3. — The mean response of the reticulocytes to iron in two groups of eases selected 
according to whether their color index was above or below 0.66. 


As the figure shows, there is a similar relationship between tlie 
reticulocyte response and the color index in 26 of tliese 66 cases 
selected with approximately equal red blood cell counts between 
2.5 and 3.5 million per c.mm. and divided according to whether the 
hemoglobin was above or below 6.9 gm. (44 per Cent). However, 
when 18 cases were selected with approximately equal hemoglobin 
values averaging 6.4 gm. (41 per cent) and divided according to 
whether the red blood cells were above or below 3 million per 
c.mm., then a reverse state of affairs occurred so far as color index 
is concerned. The cases with the lower red blood cell counts 
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(average 2.61 million per c.mm.) had an average color index of 0.79 
and those with the higher red cell counts (average, 3.83 million per 
c'.mm.) had an average color index of 0.54, but the reticulocj'^tes 
increase more in the former than in the latter group. The data 
show, of course, that cases may have the same color index, with 
the reticulocytes rising to very different numbers, dependent on the 
red blood cell and hemoglobin level. 


METHOD 
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Fig. 4. — Mean maximal reticulocyte responses to iron correlated -with color index, 
hemoglobin and red blood cell level. 


It thus appears that for a given red blood cell level the reticulo- 
cyte response to maximal doses of iron will be greater the lower 
the hemoglobin, and the increase of reticulocytes will be greater 
for a given hemoglobin level the lower the red blood cell count. 
Although for pernicious anemia the distinctions are not so great, 
it appears from a special study of 58 uncomplicated cases that there 
is in this disease a tendency for the reticulocj^te response at any 
given red blood cell or hemoglobin level to be slightly higher in 
direct proportion to the color index. 

A case of anemia responding to iron may be considered more 
severe the lower both the hemoglobin and red blood cell level, and 
the patient with pernicious anemia with a rising color index is 
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relapsing. Tlie liciglit of the reticulocyte rcspon.se to iron will 
be greater the lower both the hemoglobin and the red blood cells, 
and greater in iicrnicions nnemia the lower the red blood cell level 
and the higher the color index at a given red blood cell level. This 
jicrhaps is because in ])ernicious anemia the need is primarily for 
cell i)roduction and ai)i)arently in anemias resjjonding to iron* it is 
jjarticularly for hemoglobin production, although neither factor is 



Fig. 5.— The trend of the reticulocj'tes at the peak of their rise in cases of pernicious 
anemia responding to potent material and in cases of anemia responding to iron. 
Red blood cell levels in millions per cubic millimeters and hemoglobin levels before 
treatment recorded as abscissae. 


independent of the other. Fig. 5 show's graphically in a broad w'ay 
the relationships betw'een liemoglobin and red blood cell levels 
and the percentage of reticulocytes at the peak of their rise in 
response to adequate therapy for pernicious anemia and for anemias 
responding to iron. 

The divergent types of cases responding to iron play some role 
in the degree of the reticulocyte response. In evaluating the 
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response the exact type of case with its altered pathologic phj^si- 
ology should be considered, although the red blood cell and hemo- 
globin level are the most important factors in determining the level 
to which the reticulocytes will rise. Abnormality of the gastro- 
intestinal tract and its contents can play an important role in the 
production of anemia. Castle and his associates^ have shown the 
great etiologic significance of the lack of an undetermined factor 
in the stomach of pernicious anemia. Achlorh3dria, especially 
when persistent after the administration of histamin, or defects 
associated with it, very probably enhances the development of 
man}’^ eases of anemia. Probablj^ achlorhydria or defects Avhich often 
accompany it favor the malabsorption or improper utilization of 
substances necessarj'' for the maintenance of normal blood and 
other normal states.^ Thus the response of the reticulocj'^tes to iron 
in relation to achlorhydria has been considered. Apparentlj" in 
cases with similar red blood cell and hemoglobin levels there is a 
definite tendency for those with achlorhydria to have a reticulocjde 
response to iron of less magnitude than cases with free hydro- 
chloric acid in the gastric contents. Furthermore, data presented 
in Table 1 suggest that the former cases on the average increase 
the concentration of their erjAhrocj’^tes and hemoglobin in response 
to iron more slowly than the latter, and this has been found true, 
especially when relativelj'’ small doses of iron are given. This is in 
accord with observations made by Witts,® who notes that cases 
of chronic microcytic anemia with achlorhj’-dria respond to iron 
more slowly than cases of chlorosis and anemia due to blood loss 
with free hydrochloric acid in the gastric contents. These observa- 
tions illustrate that the response of the blood elements to iron 
depend in a measure on the exact type of the anemic patient who is 
treated. 


Table 1. — A Compakison of the Response to Iron in Cases of Anemia 
With and Without Free Hydrochloric Acid in the Gastric Contents. 

No free HCl 
(histamin 

Free HCl. subcutaneously). 


Number of c.Tses 24 24 

Mean red blood cells before treatment, millions 

per c.mm. 3.1 3.2 

Mean hemoglobin before treatment, per cent . 42 42 

Mean reticulocytes at peak of response, per cent 7.1 5.2 

Mean hemoglobin increase per day, per cent 1.18 0.S5 


Mean red blood cell increase per day, per c.mm. CO, 000 53,000 

For the sake of clarity cases are selected so that the number of red blood cells 
and percentage of hemoglobin before treatment are similar in the two series. How- 
ever, the cases which have been discarded show a difference in their response to iron 
similar to that shown in this table, in spite of the fact that the cases without free 
hydrocliloric acid had on the average a much lower color index than the cases with 
free hydrochloric acid. The mean red blood cell and hemoglobin increase per day 
is determined in nearly all instances by averaging the total increases during the first 
28 days following commencement of treatment. One hundred per cent hemoglobin 
is equivalent to 15.G gm. per 100 cc. of blood. 
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Tlie rate of manufacture of hemoglobin in cases rcsj)onding to 
optimal amounts of iron and with an initial hemoglobin level of 
less than G.2 gm. (40 per cent) can be ])rcdictcd apjwoximately from 
the level of the reticulocytes at the jjcak of their rise. This is 
illustrated by the data for 24 unselectcd cases ])rcscntcd in Fig. 6. 
The hemoglobin increased on the average 5.3 gm. (34 per cent) in 
28 days. There is in general a direct relationship between the 
height of the reticulocyte rise and the rate of increase of hemo- 
globin. 
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Fig. 6. — The direct relationship between the height of the reticulocyte rise and the 
rate of hemoglobin increase in 24 cases of anemia responding to optimal amounts of 
iron with an initial hemoglobin level of less than 6.2 era. (40 per cent). 


The character of the response of the reticulocytes as determined 
by the curve yielded from plotting tlie data obtained from daily 
reticulocyte counts may have biologic significance and may give 
information concerning pathologic physiology, treatment and 
prognosis. Fig. 7 gives examples of tlie course taken by the reticu- 
locytes in response to maximal amounts of potent material for per- 
nicious anemia and in response to maximal amounts of iron in 
anemia chiefly due to chronic blood loss. There is a tendency.for 
cases responding to iron given daily by mouth to develop a reticulo- 
eyte response sooner than cases of pernicious anemia treated in a 
similar manner by potent material. The reticulocyte response to 
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iron occurs sooner in some cases than in others. There is also a 
distinct tendency of the curves for reticulocytes responding to iron 
to have more often flatter tops than those for pernicious anemia, 
so that frequently the reticulocytes occur in approximately the 
same numbers for 4 days at the height of their rise. A definite 
decrease for 1 or 2 days after a rapid rise to a maximum followed by 
an increase for 1 to 3 days of about equal magnitude to the former 
maximuih occasionally occurs. Prolonged parabola-shaped curves. 



Pig. 7. — Examples of the course taken by the reticulocytes. The response to 
maximal amounts of potent liver preparations in 3 cases of pernicious anemia and 
to 6 gm. of iron and ammonium citrate fed daily in 3 cases of anemia chiefly due to 
chronic blood loss. 


especially in cases with very low color indices and with ap]Droxi- 
mately a normal number of red blood cells are not unusual and 
resemble the curves seen at times in pernicious anemia treated 
with suboptimal amounts of potent material. The dm-ation of the 
reticuloeyte response to iron usually lasts, however, about as long 
as in adequately treated cases of pernicious anemia, which is in the 
vicinity of 12 days. It is probable that more accurate comparisons 
of reticulocyte responses for their prognostic significance, relation 
to dose of potent material and the like could be made if considera- 
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tion was given to the total number of reticulocytes produced during 
the period of their response. Tlint is to sny, a response with a 
quick rise and fall of reticulocytes may not indicate as satisfactory 
a state of all’nirs, other things being equal, as a response with a 
sustained rise of reticulocytes which did not reach as high a level 
as in the former case. This has been referred to previously for 
pernicious anemia.® However, for practical purjioscs a considera- 
tion of the percentage or ab.solutc number of rcticulocji:cs at the 
peak of their rise gives useful information. 

The study of the effects of iron include observations not only 
on the types of cases in which it may and may not be useful in 
promoting blood regeneration but also upon other matters such as 
dosage. No re.sponse to iron may be c.vpectcd when anemia is 
primarily due, among other conditions, to infection, nephritis, 
scurvy, my.xcdcma, true bone-marrow aplasia, metaplasia or megalo- 
blastic hyperjilasia as occurs in pernicious anemia. However, it 
must not be forgotten that some response to iron may occur in 
patients with such conditions because there may also exist anemia 
due to a condition that can resjiond to iron. The chief sorts of 
anemia that can respond to iron are those due to chronic blood loss, 
various sorts of dietary deficiency and altered gastrointestinal 
function, pregnancy and various tj-pes of chronic anemia of micro- 
cytic tj-pe without well-recognized cause, which are especially 
common in women. 

The dosage of iron has been studied in various ways, especially 
by reticulocyte resjionses to varying amounts of iron in the same 
case. Although it is evident that small amounts of iron may 
accomplish distinctly beneficial results, it is also evident that large 
doses can accomplish the desired results when small doses cannot 
do so. This is especially true for cases of idiopatliic hj’pochromic 
anemia (simple achlorhydric anemia) in which condition many, if 
not all, such patients must continue to take iron indefinitely after 
it has restored tlie blood to normal or else relapse ensues. 

There are many ways of studying the multiple aspects of iron 
therapy. However, among other methods the course taken by the 
reticulocjdes will be found serviceable, but such information must 
not be used alone, for the problems concerning anemia will be 
solved bj' bedside observations expanded in the laboratory. The 
observations must be made with strict accuracy and with the 
recognition that the scientific problem is associated with an appeal 
of immediate human interest. 

Summary. A study is presented concerning -positive reticuloQ'te 
responses to the daily oral administration of iron in maximal 
amounts to patients with anemia especially due to chronic blood 
loss, dietary defects, gastrointestinal disorders and pregnancy and 
to patients" with chronic microcj'tic anemia of obscure origin. 

The height of the reticulocyte rise is in general inversely propor- 
tional to the level of the red blood cells and hemoglobin directly 
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before treatment, but the relationships are less exact for the anemias 
responding to iron than for pernicious anemia in response to liver 
or potent substitute. 

Infections and other complications hinder the action of iron 
similar to the way in which they hinder the effect of potent 
material for pernicious anemia. 

Distinct rises of reticulocytes occur with low hemoglobin values 
in response to iron when the red blood cell level is one at which in 
pernicious anemia insignificant reticulocyte increases take place. 
With red blood cells above 2.5 million per c.mm. a greater rise of 
reticulocjfi;es occurs in response to maximal amounts of iron than 
in pernicious anemia in response to adequate amounts of potent 
material; but when the red blood cells are below this number the 
reticulocytes rise in response to adequate therapy to a somewhat 
similar number in the different types of anemia. On the contrary, 
in pernicious anemia as the hemoglobin level decreases below about 
10 gm. per 100 cc. of blood the rise of the reticulocytes becomes 
progressively greater than in “secondary” anemia, so that it is 
at least double when the hemoglobin is less than about 5 gm. per 
100 cc. of blood. 

Both the hemoglobin and red blood cell levels must be considered 
in evaluating the reticulocyte response to iron. For a given red 
blood cell level the reticulocytes will increase more the lower the 
hemoglobin and the increase of reticulocytes will be greater at a 
given hemoglobin level the lower the red blood cell count. 

The exact type of case responding to iron plays a role in the 
degree of reticulocyte response. Cases with achlorhydria tend to 
have a slightly smaller response and to manufacture blood more 
slowly than comparable cases with free hydrochloric acid in their 
stomach contents. 

The character of the curves yielded from plotting data obtained 
from daily reticulocyte counts in response to iron tend to differ 
somewhat from those obtained for pernicious anemia in response 
to liver or potent substitutes. 

Note. — It is a pleasure to acknowledge our indebtedness to Dr. Chester S. Keefer 
and Dr. Leon G. Zerfas for supplying us -with data on some cases. 
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The Ingenious Dr. Fievkklin. Selected Scientific Letters of 
Benjamin Franklin. Edited by Natlian G. Goodman. Pp. 244; 
illustrated. Philadelphia: University of Pennsidvania Press, 
1931. Price, S3.00, 

l\iTii the passage of time no ISth century American figure looms 
larger tlian that of the great i)rinter-])hilosopher-scientist-diploinat. 
The perennial interest in this fascinating personality is manifested, 
to be sure, in such works as “The Tnie Benjamin Franklin,” “The 
iMedical Side of Benjamin Franklin,” "The Many-sided Franklin,” 
and so on; but with the exception of “My Dear Girl” (a charming 
series of letters to two young ladies in London), his own writings 
must still be sought in “ponderous volumes of collected works.” 
The present series of 57 letters on a wide range of his scientific 
investigations and speculations is a desirable addition to Franklin- 
iana, especially when presented in such an attractive format. While 
excellent productions are perhaps only what we have come to 
e.xpect from the best University Presses, we should not fail to 
appreciate how much the present revival in artistic bookmaking 
ou'es to these altruistic, nonprofit-making producers. 

The letters selected, some of which have never been published 
before, include such timely topics as Daylight Saxnng, Electrical 
Treatment for Paralysis, Bifocals, Smallpox and Cancer, Cause of 
Colds, Sunspots, Toads Found in Stone and 5 on aerial navigation. 
They give ample evidence of the author’s insatiable, constructive 
curiosity and the vitality of his mental processes, while his philo- 
sophic goal is indicated by such characteristic queries as “^Wiat 
signifies philosophy that does not apply to some use?” Apist,of 
additional letters and papers of general interest completes this 
highly entertaining volume. F- F- 


Harper’s Medical Monogilxphs, Vols. I and II. Treawient 
OP Injural By Claa: Ray MxmK.Ai:, M.D., F.A.C.S., Assistant 
Professor of Surgery, College of Physicians and Surgeons, Colum- 
bia University. Pp. 412; 196 drawings by tlie author. New 
York: Harper & Bros., 1931. Price, S5.00, 2 vols. 

This seventh member of Harper’s Medical j\4onograph series is a 
worthy fellow of its predecessors. Dr. Murray, in his effort to.show 
the general practitioner “what to do” Avith injury, has written one 
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of tlie most practical manuals on traumatic surgery available in the 
English language. 

His material is divided into five parts. Part I treats of injuries to 
soft parts. He gives full consideration to the too often negleeted 
treatment of muscle, tendon, and bursal injuries, abdominal and 
chest injuries, and burns. In Part II he comes into his own in his 
treatise on fractures, except those of the spine and skull. The 
section is introduced by an excellent discussion of the general prin- 
ciples of fracture treatment, and is followed by a detailed descrip- 
tion of individual fractures, illustrated by ample line drawings. 
The reader is taught and shown the various types of deformity 
which may occur at the same fracture site, and the author thereby 
^emphasizes the importance of adapting the treatment to suit the 
individual needs of the fracture and patient. This portion of the 
book easily ranks as the equal of many larger works on fracture 
treatment. 

Part HI deals with dislocation and Part IV with spinal and cranial 
injury. The fifth part treats of miscellaneous trauma and includes 
joint injury, and foreign body wounds. 

The publishers have recommended the work as particularly 
adapted to the needs of the general practitioner. It is more than 
tliat. It is a work which may be commended to all (surgeons, 
medical students, industrial physicians, etc.) who wish to easily 
learn the approved methods of the treatment of injury. Dr. 
Murray’s lucid style makes an easy reading text, and the convenient 
size and binding of the volumes combine to make the set one well- 
worth having. L. F. 


Physical Ddvgnosis. By Warren P. Elmer, B.S., M.D., Asso- 
ciate Professor of Clinical Medicine, Washington University, 
St. Louis, and W. D. Rose, M.D., Late Associate Professor of 
Medicine University of Arkansas, Little Rock. Pp. 903; 337 
illustrations. Sixth Edition. St. Louis: The C. V. Mosby 
Company, 1930. Price, ^10.00. 

Dr. Elmer, in revising Dr. Rose’s Avork, has not only largely 
rewritten the book, but has also largely rearranged the material. 
So, in Part I, devoted to the technique of physical examination and 
normal physical findings, each diagnostic procedure is described 
for the Avhole body before taking up the next: e. g., the inspection 
of the AA^hole body is discussed before palpation is introduced. The 
book is primarily intended for teaching physical diagnosis to medical 
students, and for this purpose the book is altogether adequate. 
There is, however, no specific mention of the physical signs that may 
arise from foreign bodies in the air passages. A better grade of 
paper has served to improve the illustration over those of previous 
editions. R,. K. 
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CiiEMisTio I'OU Is^uiisEs. By IIakuy C. Biddle, A. i\T., Instructor 
in Chemistry, School of Nhirsing, Western lieservc University. 
Pp. 330; 74 illustrations. Pliiladelphia; P. A. Davis CoinpanV, 
1931. Price, S2.7o. 

JiiLS book, arranged ns a textiiook and laboratory manual, con- 
tains tiie important material that may be covered in the 45-hour 
period as recommended by the National League of Nursing Educa- 
tion. 

Each chapter begins with a topical outline, and a series of ques- 
tions that are bound to arise regarding the chemistry facts in the 
practice of nursing. These quc.stions having aroused the interest 
of the student are answered in the subject matter following. Keview 
questions and suggc-stious for reports and charts that may be used 
by those students able to go further, complete the lesson. 

The laboratory e.\'croise.s, both simple and practical with a few 
blank jiages for personal notes, follow each lesson. An appendix 
containing miscellaneous chemistry facts, important to a nurse, and 
an index complete this text that is without doubt the best text 
in chemistry that we know of for nurses. IM. S. 

A I\rAxu.vL OF Practical ^’ertebr.ate IMorpiiology. By J. T. 
Saunders and S. M. M.vnton. Pp. 220; 43 illustrations. New 
York; O.xford University Press, 1931. Price, S5.00. 

Tuts book is essentially a text and laboratory guide for beginners 
in comparative anatomy. Directions are given for dissection- of 
various lower vertebrates and the pigeon, as well as the brain of a 
sheep. The figures accompanjung these directions are so arranged 
that they may be colored . In the last three ch apters the comparative 
anatomy of the vertebrate skull, teeth and the osseus system are 
considered. Investigators having need for a handy reference to the 
anatomy of the lower vertebrates will find this book of considerable 
value. H- 


The Infant Welfare Movement in the Eighteenth Century. 
By Ernest Caulfield, M.S., M.D. With a Foreword by 
George Frederic Still, M.A., M.D. (Cantab.), Hon. LL.D. 
(Edin.), F.II.C.P. (London). Pp. 203; 8 illustrations. New 
York: Paul B. Hoeber, Inc., 1931. Price, S2.00. 

Children are being well treated to-day from the medical history 
standpoint. No sooner had Ruhrah’s Pediatrics of the Past become 
well settled in its proper niche than Still’s History of Pediatrics 
arrived. This barely off the press when the prpent volume presents 
another aspect of the subject in an entertaining and instructive 
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manner. The rise of the infant welfare movement in England is 
especially well portrayed, whole chapters being given to Coram and 
the Foundling Hospital, William Cadogan, Hanway and George 
Armstrong (the author’s special favorite). Wliile the book does not 
pose as and should not be taken for a complete record of the move- 
ment, it has the stuff of real history and is a contribution well worth 
while. E. K. 


Lehrbuch der Allgemeinen Physiologie. By E. Gellhorn, 
Ph.D., M.D., a. o. Professor of Physiology, Halle and Associate 
Professor of Physiolog}'-, University of Oregon. (With the 
collaboration of L. Ascher, Bern, W. von Buddenbrock, Enel, 
C. Oppenheemer, Berlin, and J. Spek, Heidelberg.) Pp. 741; 
126 illustrations. Leipzig: Georg Thieme, 1931. Price, M. 
49.50. 

The present volume covers, in what is on the whole a thorough 
and authoritative manner, the various subjects commonly included 
under the term “General Physiology.” It comprises sections 
of 234 pages on the physico-chemical properties of the cell by its 
Editor, E. Gellhorn, 168 pages on the physiological chemistry and 
27 pages on the energetics of cell processes by C. Oppenheimer, 
172 pages on cellular morphology and the general physiology of 
development by J. Spek, 83 pages on the process of excitation by 
L. Ascher, and 44 pages on tropisms by W. von Buddenbrock. 
As far as the Reviewer is aware there have never previously been 
brought together in one place such detailed presentations of these 
various subjects. A volume of this sort is of value not merely from 
the practical standpoint of maldng accessible a very large amount 
of interesting material not hitherto treated in a single textbook, 
but also in giving the reader a broader and more correct view of 
the present scope of General Physiology than he is likely to obtain 
from most other similar sources. Particularly welcome is the inclu- 
sion of more physiological chemistry than is generally found in 
works in this field. The chief defect of the book in its present first 
edition is the absence of an authors’ index and in some of its sections 
of sufficiently detailed references to the original literature. 

M. J. 


Medical Jurisprudence. 'By Carl Scheffel, Ph.B., M.D., 
LL.B. Pp. 313. Philadelphia: P. Blakiston’s Son & Co., Inc., 
1931. Price, 82.50. 

The author of this book reverses the usual method; or, rather, 
looks at the whole subject from a point of view opposite to that 
which is common. Namely, instead of seeking to show the student 
how medical matters may effect or influence the solution of various 
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enable the student and physician to 
fainiliiirize himself as to how legal factors eO'cctliim in the evei^’day 
praetiec of medicine and surgery and Ids standing as a sociologic 
factor m tiu; community. Of course it is just as bad for a physician 
to endeavor to ))e liis own lawyer as it i.s for anyone else and tlie 
author docs not desire liis hook to he used for any siicli purpose. 
Altogether liis work Is well done. It is written in plain and simple 
Knglish. 'J’hcre is no padding and it will he well for every young 
j)hysician to study it; lie would save liimsclf from getting into 
trouble by so doing. C. B. 


I)yn.\M!C IlicTi.N’o.scoi’Y. By Maugaukt Donsox, M.D., Lond. 

Bp. 50; 11 illustrations. New York* O.vford Universitj* Press, 

1931. Price, $2.50. 

The apparent jniipose of this monograph is to champion tlie 
advantages of refracting without a cycloplegic, and, therefore, will 
have an immediate a])pcal to those wlio arc so minded, or schooled, 
to begin with. By the same token it may not appeal to others x\dio 
consider a cycloplegic iicccssary. Altlioiigh titled Dynamic Retino- 
sco]>y only eleven pages of a total of fifty-five deal with this subject; 
the other chapters being a consideration of retinoscopy in general, 
muscle balance and accommodation and convergence. 

The price is excessive. F. A. 


Diseases op the Gu.ms and Oiul Mucous Mejibiuvxe. By Sm 
Kexketii GoAimv, K.B.E., M.R.C.S., L.R.C.P., D.P.H. 
(Caktab.), Lecturer on Bacteriology of the Mouth, Dental 
Department, University College Hospital. Pp. 496; 146 illus- 
trations. Fourth Edition. New York; Oxford University Press, 
1931. Price, $13.00. 

The contents of tin's book are far more comprehensive than indi- 
cated by the title. In addition to disease of the gums and oral 
mucous membrane proper, tlie aiitlior deals extenslvelj' with dental 
caries and its sequelae— dento-alveolar abscess, acute and chronic, 
diseases of the alveolo-dental articulation (pyorrhea alveolaris), 
tumors of tlie jaws, neuralgia and mouth neuroses. _ His principal 
object is to keep before tlie reader the relationship of infection 
and disease in the mouth to diseases of the body as a whole. Special 
attention is called to the cliapters on diseases originating from mouth 
infection and on diseases wutli oral symptoms. The author s views 
are to be regarded as sane and reliable when evaluating the 
tance of oral infection as related to disease elsewhere in me bo y, 
and the internist will find in the book a valuable guide in this respec . 
Aside from a few reproductions of Roentgen ray films, the ^ 
tions are excellent. 
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NEW BOOKS. 

^1 Textbook of Laboratory Diagjiosis. B.y Edwin E. Osgood, M.A., M.D., 
Assistant Professor of Medicine and Biochemistr}'', Director of Labora- 
tories, University of Oregon, School of Medicine, and Howard D. 
Haskins, M.D, Professor of Biochemistry, University of Oregon, School 
of Medicine. Pp. 475; 21 figures and 6 colored plates. Pmladelphia: 
P. Blaldston’s Son & Co., 1931. Price, $5.00. 

The Thomsen Hemagglutination Phenomeno7i. By V. Friedenreich. Pp. 
138; illustrated. Copenhagen: Levin and Munksgaard, 1930. 

Approved Laboratory Technic. Prepared under the Auspices of The Amer- 
ican Society of Clinical Pathologists. By John A. Kolmer, M.D., 
Dr.P.H., D.Sc., LL.D., Professor of Pathology and Bacteriology, Grad- 
uate School of Medicine, University of Pennsjdvania, and Fred Boerner, 
V.M.D., Associate Professor of Bacteriolog}’’, Graduate School of Medi- 
cine, University of Pennsylvania; Assisted by C. Zent Garber, A.B., 
M.D., Associate in Pathology, Peking Union Medical College, and Com- 
mittees of The American Society of Clinical Pathologists. Pp. 663; 
300 illustrations, 11 plates. New York: D. Appleton & Co., 1931. 
Price, $7.50. 

Phantastica, Narcotic and Stimulating Drugs. By Louis Leavin. Pp. 335. 

New York: E. P. Dutton & Co., 1931. Price, $3.75. 

The Conquest of Old Age. By Peter Schmidt, M.D., Translated by 
Eden and Cedar Paul. Pp. 307 ; 40 plates. New York: E. P. Dutton 
& Co., 1931. Price, $5.00. 

A Life of Joseph Priestley. By Anne Holt. With an Introduction by 
Francis W. Hirst. Pp. 221; 1 illustration. New York: Oxford Uni- 
versity Press, 1931. Price, $3.50. 

Transactions of the Association of American Physicians, vol. 46, 19S1. Pp. 
379; illustrated. 

The Ingenious Dr. Franklin. Selected Scientific Letters of Benjamin 
Franldin. Edited by Nathan G. Goodman. Pp. 244; illustrated. 
Philadelphia: University of Pennsylvania Press, 1931. Price, $3.00. 
For review see p. 122. 

Medical Psychology. Monograph Series No. 54. By William A. White. 
Pp. 141; 4 illustrations. Washington, D. C.: Nervous and Mental 
Disease Publishing Company, 1931. 

The Commoner Nervous Diseases. By Frederick J. 'Nattrass, M.D. 
Dunelm., F.R.C.P. London, Assistant Physician, Roj'-al Victoria Infir- 
mary, Newcastle-upon-Tyne. Pp. 218; 15 illustrations. New York: 
Oxford University Press, 1931. Price, $4.00. 

Giiy’s Hospital Reports, Vol. 81 {Vol. 11, Fourth Series), No. 3, July, 1931. 
Edited by Arthur F. Hurst, M.D., Assisted by various contributors. 
Pp. 123; illustrated. London: The Lancet Limited, 1931. Price, 12s. 
6d. per issue. 

Infections of the Kidney. Bj”- Meredith F. Campbell, M.D., F.A.C.S., 
Attending Urologist, Babies Hospital, New York Nursery and Child’s 
Hospital; Assistant Visiting Urologic Surgeon, Bellevue Hospital, New 
York. Pp. 343; 40 illustrations. New York: Harper & Brothers, 1931. 
Price, $3.00. 
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A Dcscnpdm of (he Plnncs of Fama of (he Human Body. By B. B. GaI/- 
IaAudet, Dmartment of Anatomy, College of Physicians and Surgeons, 
Columbia University, New York. Pp. 75. New York: Columbia Uni- 
versity Press, 1931. Price, S2.00. 


The BJach Dmthand il/cn of Lcamino. By Antja Montgomehy Campbell, 
Assistant Promssor of nistor 3 '. New Jersej’ College for Women. Pp. 210. 
ISew lork: Columbia University Press, 1931, Price, S3.00. 

The Medical CHnic.<s of North America, Vol 16, No. S (Chicago Number, 
hovmnber, 1031). Pp. 227; 53 illustrations. Philadelphia; W. B. 
S.aundors Companj’, 1931. 

IIoxu's Tour Blood Pressure? By CnAnENCE L. jVndiiews, M.D., Attend- ■ 
mg Physician and hledical Chief at the Atlantic City Hospital. Pp. 225. 
New York: The Macmillan Compnnj', 1931. Price, S2.50. 

The Ethno-Bolany of the Maya. Publication No. 2 of The Tulanc Univer- 
sit}’’ of Louisiana, Middle Amcric.an Research Series. Bj’ Ralph L. Roys. 
Pp. 359. New Orleans: The Department of Middle American Research, 
The Tulane University of Louisiana, 1931. 

Typhoid Fa'cr. By William Bonn, M.D., F.R.S, Pp. 184; 5 illustra- 
tions, 1 in color. New York: American Public Health Association, 1931. 
Price, S5.00. 


Experimental Studies on the Course of Paratyphoid Infections in Avitaminotic 
Rats. Bj' H. C, A. Lassen. (Translated from the Danish by Hans 
Andehsen, AI.D.) Pp. 248; illustrated. Copenhagen: Levin and 
Munksgaard, 1931. 

Blood Sugar in Normal and Sick Children. Bj' Elisabeth Stonsgaabd. 

Pp. 245; illustrated. Copenhagen: Leidn and Munksgaard, 1931, 

The Truth Aboid Birth Control. Pamphlet No. 4 . B}' Norman E. Himes, 
Pp. 28. New York: The John Day Companj', 1931, Price, 25 cents. 


NEW EDITIONS. 


Elementary Anatomy and Physiology. By Mary Rees Muluner, M.D., 
Director of the American School for Physical Education. The Physical 
Education Series. Edited by R. Tait McKenzie, M.D., M.P._E., LL.D., 
Professor of Physical Education and Physical Therapy, University of 
Pennsylvania. Pp. 448; 313 engravings in black and color. Third Edi- 
tion, thoroughly reidsed. Philadelphia; Lea & Febiger, 1931. Pnee, 
S4.75. 

A useful book for students of physical education and nurses vho do not desire 
a largo general textbook which necessarily includes considerably more matenal 
than they have time to digest. In this edition the physiology of the yanous 
systems has been more fully treated and numerous other detmis bright up to 
date by consulting the last editions of Gray’s Anatomy and Starling s Physiology. 


The Physiology of Muscular Exercise. By the Late F. A. Bainbridge, 
M.A., M.D. Cantab., D.Sc., F.R.C.P., F.R.S., Professor of Physiolo^, 
University of London. Rewritten by A. V. Bock, M.D, Harvard, Fh.D. 
Cambridge, Assistant Professor of Medicine, Harvard; Physician, Massa- 
chusetts General Hospital, Boston, and D. B. Dill, Ph.D. Stamord, 
Assistant Professor of Biochemistr 3 ’-, Harvard. Pp. 272; 46 illustrations. 
Third Edition. New York: Longmans, Green & Co., 1931. Price, bo.vu. 


Medical Electricity for Students. By A. R. I. Browne, Member of the 
Society of Radiographers; Radiographer at the Royal Alexandria mhr- 
mary. Pp. 245; 88 illustrations. Third Edition. New York: 0.xford 
University Press, 1931. Price, S4.00. 
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A Note on the History of Pellagra in the United States.— It is of inter- 
est to note that it was not until 1907 that pellagra was recognized in the 
South. In spite of the fact that the disease was not known, Wheeler 
(JJ. S. Pub. Health Rep., 1931, 46, 2223) contends that pellapa was 
present in the United States and that the only argument against the 
incidence of pellagra in tlie Soutli to any considerable extent prior to its 
recognition in 1907-1908 was the fact that it was not so recognized. 
He calls attention to the fact that in the first seven editions of Osier’s 
Practice of Medicine the statement was made that it has not been 
observed in the United States, Other standard textbooks of the time 
make no reference to pellagra. However, when this very common 
disease in the South was recognized a group of older practitioners of 
medicine were circularized for the purpose of asking them whether or 
not they had seen cases before this particular period, and it was found 
that a goodly number of them had observed the disease but did not 
know what it was. This fact alone would destroy one of the arguments 
of those who contend tliat the disease is of bacterial origin. One of 
the reasons advanced that the disease is primarily bacterial is that 
tliere was an epidemic of pellagra in 1907-1908; such an epidemic the 
epidemiologists believed could occur only when the disease is a disease 
transmitted from man to man. Observations that have been made 
on the incidence of pellagra in recent years have shown that the disease 
is very much more prone to occur in large numbers following periods 
of economic stress. Such a period existed in 1907-1908. Likewise, 
there have been known increases of tlie disease in 1915, 1921 and 1930. 
At the present time in Louisiana, which probably holds good in other 
southern States, more pellagra has been reported than any time in 
recent years. As a matter of fact, in the 6 weeks’ period, beginning 
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Juno 30, more ciises were reported tlmn of any otlicr of the reportable 
diseases, exceeding hy far the next disease in frcqncncv. These data 
may be taken to substantiate flic idea that dietary inadequacy plays 
some rdle in the production of the disease. It is reasonnblv obvious 
wliy tlic diet should be inadequate following periods of financial depres- 
sion. Jncidentnily, it may be_ mentioned that only from 10 to 15 per 
cent of the pellagra cases in a given coinmiimty iriJ! consult a physician. 
i iip^c (iutu nave neon obtained throupli field surveys in localities 'vvhero 
pclhi^a IS prevalent and where the entire population has been studied. 
Another observation made by tliis writer seems worthy of recording, 
and that is that it is only the ont-spokcri eases of pellagra who have 
the diagnostic triad of flcrmatitis, diarrhea and dementia and it is 
only such cases that arc actually reported to the licalth authorities. 
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VSDKIt TIIK CIIAnOK OF 

T. TURNER THOMAS, M.D., 

rmi.AOEU’niA, fa. 


Acute Craniocerebral Injuries.— Ociisneu (Am. J. Smp., 1931, 12, 
523) helii'es tliat edema of the brain is the most important pathologic 
lesion as it is the most frequently encountered. The extent of tlie edema 
varies considerably. Not infrequently a vicious circle is produced, t. c., 
as a result of the edema there is interference with the venous return, 
which causes a diminished absorption of tlie cerebrospinal fluid, wliich 
in turn produces an increased intracranial pressure. Contusion and 
laceration arc found in the more c,\tcnsive injuries of the cerebrum and 
vary largely in degree. Lacerations are usually associated with lesions 
of tlie cranium, whereas contusions frequently are not. Hemorrhage 
is of two types, intradural and extradural. Associated Vvith e%'erj^ 
cerebral injury from the slightest contusion to tlie extensive laceration, 
there are varying degrees of hemorrhage. Intradural hemorrhage is a 
result of injury to the brain substance, whereas extradural hemorrhage 
occurs as a result of injury to the middle meningeal artery or rarely to 
the lateral venous sinus. Subdural hemorrhage is of importance 
becav\se of sequeire which maj’' develop such as sterile meningitis, 
abnormal accumulation of cerebrospinal fluid, which.may subsequently 
lead to cerebral atrophy and localized cystic changes occurring m 
hematomas. Fractures of the skull are divided into two main types, 
those of the vault and those of the base. Simple and comminuted 
fractures of the vault are of no significance cIinicaIIJ^ Fractures of tne 
base are of great significance because almost invariably they are com- 
pound fractures in that fracture extends into the nose, nasal accessory 
sinuses, mastoid process, or middle ear. The finding of blocm m e 
cerebrospinal fluid is of utmost importance because of the pbsequent 
sequel® which may de^'elop, because of the blood in the subaracnnoi 
space. The treatment is one of conservatism basically. 
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Mesenteric Vascular Occlusion. — Larson (Surg., Gyncc. and Obsi., 
1931, 53, 54) says that the most common causes of arterial embolism 
were mural cardiac thrombi. The most common causes of arterial 
thrombosis were arteritis and arteriosclerosis of the mesenteric artery. 
Venous mesenteric occlusion most often resulted from a septic process' 
either in tlie gastrointestinal tract or the pelvis and was of the ascend- 
ing type. It followed hepatic disease in 25 per cent of cases. The 
vascular occlusion affected the arteries in 14 cases, the veins in 16 and 
both veins and arteries in 6. In all cases of arterial occlusion and in all 
but one of the cases of venous occlusion, the superior mesenteric vessels 
were involved. A definite source of the vascular occlusion either was 
unknown or was problematic in 8 of the 36 cases. Hemorrhagic infarc- 
tion resulted in 31 of the 36 cases. When intestinal infarction tdok 
place, it was generally manifested by symptoms of intestinal obstruc- 
tion which were indistinguishable from those of other types of obstruc- 
tion. Typically it occurred in an elderly person, starting with extremely 
severe colickj'^ abdominal pain, nausea, vomiting and diarrhea. The 
vomitus and the diarrheal stool were often mixed with blood; occasion- 
ally complete retention of feces was noted. Soon the pain became 
steadj'^, the shock more severe, the abdomen distended and tympanitic 
and the temperature and pulse, which at first were likely to be sub- 
normal, became progressively elevated. Later signs of general peri- 
tonitis developed and death took place. The symptoms produced by 
closure of the main trunk were indistinguishable from those produced 
by obstruction of the branches. The course of the disease is short and 
may be less than 48 hours. In at least 53 per cent of the cases definite 
peritonitis was present and in 55 per cent bloody ascites was noted. 

Autointoxication and Shock. — Mason and Lemon {Surg., Gynec. and 
Obst., 1931, 53, 60)ssate that fresh tissue extract administered intraven- 
ously lowers blood pressure sufficiently probably to endanger patients 
who are in a critical condition. Fresh tissue extract is a very potent 
factor in producing intravascular coagulation and sublethal doses of 
autolyzed liver-tissue extract causes marked circulatory disturbances; 
the lethal dose being 7 to 8 cc. for the dog. Treatment of autolyzed 
liver-tissue extract with tannic acid does not precipitate the toxic 
fraction. The marked rise in blood pressure following sublethal doses 
of autolyzed tissue suggests the possibility that foci of infection may 
liberate a toxic substance which elevates blood pressure. 


Acute Gonococcal Epididymitis.— Garvin (Am. J. Stirg., 1931, 12, 
502) says that gonococcal epididymitis is the most frequent disease of 
the testicle and the most prominent cause of male sterility. Chemical 
irritation, instrumental trauma and sexual excitement with an over- 
distended bladder in the presence of either an active or latent gono- 
coccal infection, are the most common causes of epididj^mitis. Epi- 
didymitis is the result of a mechanical transference of gonococci-laden 
pus from the posterior urethra and seminal vesicles down to the vas to 
the epididymis. It is peritubular extension and not intratubular, 
involving principally the globus minor and other portions of the epi- 
didymis by^ periepididymal extension. It is a true epididymitis and 
not an epididymo-orchitis. Clinical experience leads to the belief that 
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m tile vest ninjonty of cases conservative treatment, rest, scrotal 
splintage, intramuscular mjections of iionspeei/ic protein wil! vield good 
^rcniaining amlniiant. Operative treatment is 
uulicateu in the fulnmmting eases not yielding to conservative treat- 
ment ntul m recurrent cases and in cases not resolving. Thorough 
eradication of all foci of infection in the iiostcrior urethra, prostate and 
\ c.sicles IS necessary regardless of typo of treatment employed. 
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Treatment of Muscular Rheumatism by Infiltration of Glucose 
Solution. — Long having recognized tlie unsatisfactory results obtained 
from the use of a wide variety of medicinal agents, heat, massage and 
tlie like, Nat.\xx.si:.v (Dcuheh. med Jl'r//«.9clir., ]f)31, 67, S85) experi- 
mented with the infiltration of the painful areas by means of local 
anesthetics in various .solutions. He found that a 10 per cent solu- 
tion of glucose or a mixture of glucose and fructose was almost 
specific in the relief of pain, being both immediate and lasting in its 
efTects. The author licrc presents a brief report on the basis of 5 years 
experience with the 10 per cent sugar solutions. He states that its 
response to the wide infiltration of tlic subcutaneous and muscular 
tissues lying within the painful zone witli amounts ranging from 30 to 
100 c.cm. is so certainly effective tliat the failure of the pain to disappear 
is almost diagnostic in tlie sense that it indicates some otlier condition 
than muscular rheumatism or myalgia as the cause of tlie pain. Re- 
lapses are exceedingly rare and are almost always of extremely brief 
duration. The method of action is not clear and is not entered into in 
this place by the autlior. He suggests, however, that the effects may be 
due to combined osmotic chemical and mechanical actions. No deleteri- 
ous effects have been observed.- The method is naturally contraindi- 
cated in diabetic patients. 

The Action of Strophanthin on the Circulating Blood Vol^ume.— 
Investigations carried out upon patients suffering from decompensate^ 
valvular heart disease under conditions of control and with the employ- 
ment of the trypan-red metliod of determining blood volume len 
Mies (Zisc/ir. f. Krebsforscli., 1931, 33, 4G0) to the cone! usion that 
strophantliin diminishes the blood volume to a^ 
from 24 to 36 hours after its intravenous administration, 
of reduction of blood volume is more or less proportional to the siz 
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of the dose administered. Similar results were obtained from another 
digitalis body, adovern, indicating the possibility that this is a charac- 
teristic of the action of this whole group of drugs. The author sugpsts 
tliat the diminution in blood volume may possibly be a factor in aiding 
restoration of cardiac efficiency by reducing venous congestion, but he 
does not feel prepared yet to express an opinion upon tire worth of this 
suggestion. 
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Thyroidectomy for Thyrotoxicosis in the Young.— Greene and 
Mora {Surg., Gyncc. and Obst., 1931, 53, 375) report 26 cases in which 
thyroidectomy was done for thyrotoxicosis in children between the 
ages of 8 and 16 years. These cases were a part of a series of 1200 
consecutive toxic goiter patients who were subjected to operation. 
There were 22 ghls and 4 boys. The chief symptoms and signs were 
tachycardia, nervousness, goiter, exophthalmos, tremor, loss of weight, 
palpitation, enlargement of the left side of the heart, irritability, weak- 
ness and restlessness. The symptoms corresponded closely to those 
manifested in adults. The average pre-operative systolic and diastolic 
blood pressure readings were 132 and 65 mm., respectively. The average 
postoperative readings were 108 and 72 mm. The average pulse pressure 
dropped from 67 to 36 mm. after operation. The average pre-operative 
basal metabolic rate was -f-34.6. The average postoperative reading 
was —6.2. All of th glands examined microscopically showed vary- 
ing degrees of hyperplasia and hypertrophy. One-stage thyroidectomy 
was done in every instance, with no fatalities. 


The Retention Rate of Calcium: Phosphorus in Infants and Children. 
— Stearns (Am. J. Bis. Child., 1931, 42, 749) from a consideration of 
the I’ate of gi-owth of the various tissues of the body from birth to 1 year 
of age, and the disti’ibution of phosphorus between the bopy and the 
soft tissues, it is considered that a retention ratio of calcium: phosphorus 
of between 1.5 to 1 and 2 to 1 is normal for an infant. A retention 
ratio lower than 1.5 to 1 indicates a more rapid growtli of soft tissue 
than of bone. A ratio of 2 to 1 or more is considered as probably indic- 
ative that a calcium shortage in the body is being corrected. From the 
reported retention of calcium and phosphorus in artificially fed'infants, 
a retention of at least 40 mg. of calcium and from 20 to 25 mg. of phos- 
phorus per kilogram of body weigh per day is considered desirable for 
artificially fed infants. The ratio of retained calcium to phosphorus 
will be somewhat lower in older children than in infants because of the 
great increase in the relative amount of muscular tissue during child- 
hood. In a normal child, it is considered that the retention rate will 
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pro))ai)!y i)o lower Ihnn (lint observed in infants, but it should be 
greater than I to 1 , In older children the absolute retention of calcium 
and piiosphorus per kilogram of body weight may be expected to 
decrease with the age of the cliild. A retention of at least 10 mg of 
phosphorus per kilogram of liody weight per day is desirable even in 
older ciiildren. The retention of calcium should be at least equal to the 
retention of phosphorus. Retentions of calcium and phosphorus of less 
than 10 mg. per kilogram of body weight are probably not optimal in 
very young chihlrcn. 


Treatment of Toxicosis With the Aid of a Continuous Intravenous 
Drip of Dextrose Solution.— Kaiielitz (Am. .7. Tli.v. Child., 1931, 42, 
781) treated 21 patients with severe toxicosis by this method and only 
3 died, which was u mortality of only 14 per cent. Four patients, who 
were severely toxic and presented evidence of severe pneumonia before 
treatment was started, also died. Five other patients who were very 
toxic but in whom it was not pos.sib]c to make a dingno.sis of toxicosis 
recovered under this treatment. In the entire group of 30 cases there 
were 7 deaths or a mortality of 2.3 per cent. Tiic author believes tliat 
the administration of fluid by tJic continuous intravenous metliod is a 
definite improvement in the treatment. Tiic withholding of milk for 
a longer lime, which he believes is ns important as any other phase of 
the treatment, is thus made possible. TJie entire requirement of fluid 
is given through tlic one cannula with the least disturbance of the 
child. Acidosis and concentration of the blood respond rapidly to this 
form of treatment. It supplies water, salt and dextrose in a liyper- 
tonic solution at a rate fast enough to produce diuresis at first, and 
later slow enough to permit proper assimilation. Blood, epinephrin, 
caffein and digitalis can be given through the same cannula. During 
the time of the intravenous flow, the gastrointestinal tract, as well as 
the entire body, is given a much needed rest. Quiet sleep usually 
ensues, vomiting usually stops, thirst is created, and in many cases the 
diarrhea is favorably influenced. The child is spared the pain of the 
subcutaneous injection of the fluid and the occasional complication 
resulting from intraperitoneal injection, and the doubt of its absorption 
is obAated. The author confirms the opinion of Schick that the require- 
ment of fluid is much less than is customarily thought to be. Certain 
facts must be constantly kept in mind. Treatment must be radical and 
prompt as soon as diagnosis is made. Supportive treatment, such as the 
administration of epinephrin and caffein, should be given as indications 
arise. All cases of toxicosis should be considered as severe. The intra- 
venous administration of dextrose and transfusion should be employed 
promptly, and the minimum period during which milk should be with- 
held should be from 24 to 48 hours, or until detoxification is complete. 
Once the feeding of milk is commenced it should be given in small 
amounts of from 5 to 10 cc., and increased slowly. ’RTien there is a 
relapse, treatment should be started again from the beginning with the 
intravenous method of administering dextrose, transfusion of blood and 
abstinence from milk. , Patients with intercurrent infections especially 
otitis and abdominal distention should be treated actively. 
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Skin Temperatures of Children.— Talbot {Am. J. Dis. Child., 1931^ 
42, Part II) made studies of skin temperatures in children by means of 
a thermocouple. There is a local variation of the temperature of the 
skin over different parts of the body, even in normal children; the tem- 
perature of the trunk being highest, the face next and the extremities, 
lowest. The temperature of the feet tends to be lower than that of the 
hands. Surrounding temperature has a definite effect on the tempera- 
ture of the skin of the body even when it is clothed. The cooler the 
room the lower the temperature of the skin. There is also a seasonal 
effect on the temperature of the skin. This study showed that humidity 
within the limits of room temperature and room humidity had no effect 
on skin temperature. There is a rapid loss of heat from the surface of the 
body on exposure. This affects tlie face least, the body next and the 
extremities most. There is a greater variation in the reaction of tlie 
extremities to different surrounding temperatures than in other parts 
of the body. This suggests that the extremities act as safety valves 
for the conservation or elimination of heat. During fasting the temper- 
ature of the skin, as well as that of the body becomes reduced. Exercise 
has a very definite effect on the skin temperature. During the first 
few minutes of exercise the temperature of the skin falls and later rises. 
This may be of profound physiologic importance, and suggests that 
when exercise is first commenced heat is retained in the body in order 
to increase the efficiency of the muscles. This study gives further 
evidence that the heat-regulating apparatus of the premature infant 
is not developed. The temperature of the skin, as well as that of the 
body, is affected directly by the surrounding temperature and to a 
greater degree than in normal babies. Studies were made of the effect 
of fever on subjects with different body temperatures. These were 
grouped in such a Avay that the skin temperature for different fevers 
and different room temperatures are now available and are presented 
as possible standards of expected skin temperatures for different body 
and room temperatures. The skin temperature was recorded for a 
number of cretins with lowered metabolic rates. Some of them were 
studied after the metabolism had been elevated by the use of thyroid 
gland. When heat production was found increased, the temperature 
of the skin was increased. 
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Ovarian Hormone Therapy.— The results obtained in treating 63 
cases of ovarian deficiency, as evidenced by amenorrhea of various 
types with a water soluble ovarian preparation known as “oestrin” 
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have been doacribed by Smith { iMtwrf , ]93], 220, 401). He gives a 
course of daily Jiypodcrmic mjcctions of 10 uniLs for from 0 to 18 days, 
often repenting the course if no results iverc obtained from the first 
.senes. In cases of primary ainenorrlica tlic results M'cre negative. These 
Merc individuals tvlio had passed the normal age of puberty ■without 
an,s signs of the onset of menstruation. In primary menstrual irregu- 
larity, menstruation became regular in ti out of 19‘casos. These were 
iiiflivitluftls in %vIiorn Jiicnstniation had never occurred from the onset 
at less than 3 or d-month intervals. The best results of the entire 
scries were obtained in cases of secondary amenorrhea rvhich developed 
after some years of regular inenstruution. In these cases positive 
results ivere obbdncd in 20 out of 37 cases (54 per cent). In 12 of the 
sncccssfully treated cases the subsequent rhythm of menstruation was 
normal without any further treatment and in 2 of these patients, who 
Imd been sterile, pregnancy subsequently occurred. 


LeukoplaWc Vulvitis, — This curious, annoying and sometimes dan- 
gerous condition has been discussed by Counselceu (Minn. Medicine, 
1931, 14, 312), of tlie IMayo Clinic, who states that in the early stages the 
treatment usually consists of tlic use of emollients and salves, wdiicli 
liave lioivever, only a temporary effect. Roentgen rays and radium 
often stimulate the disease and may ]>roduce a burn. If a malignant 
•lesion is not present, he believes the ideal treatment consists of section- 
ing the internal pudic nerve, thereby anesthetizing the vulva and per- 
manently relieving the pain and pruritus, which are so constant and so 
annoying in this condition. This has been done at the IMayo Clinic 
with very satisfactory results although they make no claim for the 
originality of the procedure. Following tlie operation the patient should 
be submitted to careful e.vamination at least tivice a year and if there 
is any question as to the presence of a malignant lesion, simple \mlvec- 
tomy should be performed in cases in which the malignancy is graded 
] or 2. If the tumor is of a higher grade of malignancy or if there is 
lymphatic involvement in a ease of loAver grade malignancy, radical 
vulvectomy ivith bilateral dissection of the gland-bearing area should 
be performed. If the condition of the patient in whom a malignant neo- 
plasm is found does not justify radical removal, then he advises section 
of the internal pudic nerve and the use of radium as palliative measures. 

Carcinoma of Female Urethra, — In spite of the fact that the reports 
in the literature indicate that the results of treatment of carcinoma 
of the urethra by operation show less than 20 per cent living patients 
at the end of a year, Mikulicz-Radecki (Zmiralbl. f. Gynalc., 1931, 
55, 2922) sounds a bit optimistic over the results whicli have been 
obtained in Stoeckel’s Clinic in Berlin. They have treated these 
cases by means of a combined technique, taking into account not 
only the primary tumor but also the regional lymphatic glands. 2 he 
primary tumor is treated with radium irradiation, the maximum dose 
being 2000 mg.-hrs., although in. the less advanced cases 1000 mg.-hrs. 
may be sufficient. The glands in the inguinal region and along the 
large pelvic vessels are removed surgically whenever possible. 

4 cases which he has treated by this method all are living over a year 
after the treatment, 3. of them living from to 3 years completely 
free from recurrence and ■with complete urinary continence. 
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Retinal Changes in Hypertension and in Renal Disease. — According 
to UoLFE (Arch. Ophthal., 1931, 6, 433), the lesions seen in the eye 
grounds of patients with hypertension and renal disease consist of 
various combinations of vessel changes with hemorrhages, “hard 
white” and “cotton wool” patches, and edema of tire retina and of the 
optic disc. The vessel changes may be either spastic constriction or 
sclerosis of the arteries or dilatation of the veins. Histologically, in 
the eyes of people who have died of nephritis, edema is found in the optic 
nerve and edema and hemorrhages in the various layers of the retina 
between the retina and the choroid. Sclerosis of the retinal arteries 
may or may not be present. When present it is similar to sclerosis 
elsewhere. The white patches seen ophthalmoscopically 'are repre- 
sented by various types of degeneration of the retinal tissue — varicosi- 
ties of a group of nerve fibers, lipid deposits in the retinal tissue, areas 
of destruction of retinal tissue with fat or fibrous deposits and with 
large phagocytic cells filled with fat. The histologic changes are 
essentially the same in retinitis of hypertension. Renal lesions may 
be classified into three main groups: nephrosis, glomerulonephritis and 
renal sclerosis, which last may be benign or malignant. In nephrosis 
retinal lesions do not occur, since all the changes found in the retina 
and its vessels in diseases of the kidney are due primarily to hyper- 
tension. Destruction of kidney tissue in itself does not cause retinal 
changes. Hypertension probably causes sclerosis of the retinal arteries, 
and, through ischemia, the result of spasm or sclerosis or both, the retinal 
degeneration. Nitrogenous or other toxic retention is certainly not 
more than a contributory factor in the production of retinitis. Choles- 
terolemia is not a necessary factor. The origin of the edema of the 
nerve heads has not yet been determined. It may be*toxic or ischemic 
or due to increased intracranial pressure from edema of the brain. 
Narrowing of the retinal arteries without other changes is seen chiefly 
in pregnant women and in acute glomerulonephritis. It is seen more 
frequently in association with other more severe changes. Sclerosis 
of the retinal arteries is found almost constantly in persons who have 
suffered from hypertension for a few years. It may occur in patients 
with general arteriosclerosis but without hypertension. Retinal arterio- 
sclerosis in association with hemorrhages and sharply defined white 
patches, so-called arteriosclerotic retinopathy, is frequently seen in 
patients with hypertension but with normal renal function. Papill- 
edema with “cotton wool” and hard patches and hemorrhages with or 
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witlioul sc orosis of the m-torics tuakc up the typical nephritic neuro- 
rctmitis which is seen chiefly in malignant sclerosis and in the final 
(iccompcnsatcd stages of chronic glomerulonephritis but at times when 
renal function is normal. Narrowing of the retinal arteries means 
spa.sm and indicates only that the blood pressure is elevated. Sclerosis 
of the retinal arteries usually means that hypertension has existed for 
some time and that arteries elsewhere arc similarly affected. It is 
not evidence of renal disease. It may indicate a tend'ency to apoplexy. 
H<'morrhage,s and sharply defined white patches in the retina do not 
indicate any special liability to death from renal disease, but they do 
suggest the pos.sibility of cardiac or cerebral complications. They do 
not place a definite limit on life. The retinitis characterized by “cotton 
Wool” patchc.s and papilledema has been variously designated as 
ne])hritic retinitis, malignant hypertension ncurorctinitis and retinitis 
of malignant hypertension. It indicates, in general, death within 2 
years — usually from uremia but at times from apoplexy, cardiac failure 
or intercurrent disease. Occasionally, however, such a retinitis may 
clear up and renal failure may not develop. Papilledema occurring 
alone may be the first indication of nephritic retinitis or it may indicate 
increased intracranial pre.ssurc from edema or tumor of the 'brain, and 
observation is necessary for its final interpretation. 
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The After-effect of Epinephrin Chlorid and Ephedrin Hydrochloride 
on the Mucosa of the Nasal Septum.— The site of action, as well as 
tire viodus opernndi of epineplirin and ephedrin when used topically, 
is a- greatly debated question. Purposing to determine, if possible, 
the mode and site of action of these two drugs when applied locally 
to tlie nasal mucosa. Fox (Arch. Ohlaryngol., 1931, 13, 255) reports 
results of histologic studies on septal tissues removed from 106 healthy 
adult rabbits. Under varying experimented conditions the nasal sep- 
tums were removed and the mucosa prepared for microscopic examina- 
tion according to techniques described in tlie text. It was concluded 
tliat a 1 to 1000 solution of epinephrin chlorid caused tlie mucosal 
vessels, at first constricted, to dilate after four hours and allow blood 
to escape into the perivascular bed and a chemotaxis-hke behjivior ot 
the leukocytes; whereas, in the case of ephedrin hydrochlond (2 per 
cent) the vessels remained unchanged after the 4-hour period, ine 
author summarized by saying: “It seems rather, that epineplirin 
exerts some direct injury to the vessel walls.” 

The Pharmacodynamics of Local Mucous Membrane Medication.— . 
The therapeutic objective of most localized medication is the pro- 
duction of astringency, antipathogenesis ranging from unhtting tne 
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mucosa for bacterial growth and absorption of pathogenic products 
to complete destruction of microorganisms or mechanical protection, 
or a combination of these effects. Any therapeutic endeavor not 
considerate of the physiology and pathology of the tissues and the 
pharmacodynamic action of the drug employed, as based on those 
factors is empirical at best. Enumerating as important pharmaco- 
dynamic points such matters as insulation, viscosity, solubility, hydro- 
gen-ion concentrate and the multiple effect of most drugs, Scheffel 
{Laryngoscope, 1931, 41, 274) discusses these factors as they relate to 
rational local mucosal medication. Attention is directed to the fact 
that: (1) Aqueous solutions or vehicles are practically free from 
the insulating drawbacks that appertain to some oily solutions; (2) that 
vehicular viscosity should depend largely upon the rate of absorbability 
desired; (3) tliat maximal therapeutic effects are dependent not only 
on the relative solubility of drug in its menstruum but also on a solu- 
bility; (4) that a hydrogen-ion concentration should closely approximate 
that of the tissues to be treated. The writer admonishes careful con- 
sideration of these basic principles before accepting or rejecting many 
preparations as having a . scientific basis for rational topical therapy of 
mucous membranes. 
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Irradiation Therapy in Functional Ovarian Disorders.— Ford (Radi- 
ology, 1931, 16, 936) relates the results in 47 cases in which radiotherapy 
was administered primarily for habitual amenorrhea or for oligomenor- 
rhea or sterility associated with these conditions, and in 29 cases in 
which this treatment was given primarily for dysmenorrhea. In the 
first group, by exposure of the ovaries or hypophysis to approximately 
5 to 10 per cent of an erythema dose of Roentgen rays, reestablishment 
of menses was obtained in 26 of the 47 cases. Menstruation has con- 
tinued regularly in the majority of these patients for periods var^dng 
from a few months to two years. Seven pregnancies have occurred 
among 6 of the 24 married patients in this group, all of whom had pre- 
viously been sterile. Two pregnancies were continuing at the time of 
this study, 2 have terminated in miscarriage, and 3 full-term children 
have been born, two of whom are living and well. Among the 29 patients 
with dysmenorrhea, relief of pain followed irradiation in IS. Although 
the duration of relief is extremely variable, by repeated irradiation 
a satisfactory result has been maintained as long as 3^^ years in 1 case. 
No evidence was found that repetition of treatment at intervals of 3 
months or longer has adversely affected ovarian function. 
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Radiography with Enlargement (Microrndiograpliv), — It is known 
that if an olijcct is moved away from the film and toward the source 
of radiation an enlarged roentgenographic image is obtained, but it is 
blurred, because the focal spot is not strictly a point but an area of 
appreciable size and a penumbra necessarily results. This disadvan- 
tage lias been overcome by Vallehona {Radiol, 1931, 17, 340). He 
jilaces a very small window betivcen tlie object to be radiographed and 
the target of tlie tube; ns a result the rays from the target follow a recti- 
linear path and produce an unblurrcd, enlarged image. The accessory 
apparatus is simple and consists of a scries of lead disks with holes in 
them varying in size from 1 or 2 mm. to one half of a dccimillimeter. 
-The greater the distance of the object from tlie film, the smaller is tlie 
aperture required. According to the distance, the appropriate disk is 
selected and attached to the window of the tube cover. A magnified, 
sharp image is obtained. The method is espccialh’ applicable to the 
study of bone structure, and the author has used it successfully in 
cranial roentgenography. 


The Roentgenologic Significance of Pyloric and Prepyloric Deformi- 
ties. — According to Camp (Radiology, 1931, 16, S47) it is a peculiar 
but significant fact that the pyloric segment of the stomach whicli is 
most accessible to roentgenologic c.\'amination, offers more diagnostic 
difficulties than any other. Sixty per cent of all gastric cancers, 69 per 
cent of benign gastric tumors and approxnmately 10 per cent of gastric 
ulcers are found in tliis area. Tliis region is also a favorite site for 
spasm which is the arch deceiver of tlie roentgenologist. Fluoroscopic 
e.\'amination is indispensable for study of tlie pyloric segment, and is 
best accomplished by having the patient at first take only one or rivo 
swallows of the barium mixture which should be manipulated bj' the 
examiner so as to depict the internal topography of the stomach. Later 
the stomach can be completely filled with barium to study the gastric 
tonus, peristalsis and motility. In the consideration of ulcerating 
lesions in the pyloric region, it is noteAvortliy that here carcinoma out- 
numbers benign ulcer. Prepyloric ulcers also hai’e a greater tendency 
to become malignant than ulcers elsewhere. Thus ivhen ulceration is 
demonstrable the odds are in favor of a malignant lesion. Because of 
accessibility to examination pyloric cancer should be diagnosed earlier 
than cancer in other parts of the stomach. This is perhaps die case, 
yet the disease is not being diagnosed early enough. Of 2078 cas^ 
of gastric cancer seen at The Mayo Clinic between the years 1920 and 
1924, 50 per cent were excluded from exploration as hopelessly inoper- 
able, 25 per cent ■were explored but found to be inoperable, and resection 
■svas possible only in the remaining 25 per cent. Pyloric cancer may take 
the form of (1) a frank polypoid tumor with or without ulceration; (2; 
a scirrhous iniMtrative gron'th; (3) a malignant ulcer, or (4) a benign 
tumor which has undergone malignant changes. The first form can 
scarcely escape discovery. Scirrhous cancer may be imitated by 
syphilis, prepyloric ulcer, pylorospasm and hypertrophic pjdoric 
stenosis. The differential diagnosis of cancer rests on the persistence 
of the deformity, the slightly serrated outline, loss of flexibility, absence 
of peristalsis, obliteration of mucosal markings and the presence ot a 
mass coinciding ivith the defect. An ulcer ivith a niche less than -..5 cm. 
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in diameter has only 1 chance in 10 of being malignant; if it is larger 
than this the chances are 3 to 2 that it is malignant, and if larger than 
3.5 cm. it is certainly cancerous. A Iiigh percentage of benign tumors 
undei’go malignant change, and thej'' are always open to suspicion. 
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Encephalitic, Idiopathic and Arteriosclerotic Parkinsonism.— 
Keschner and Sloane {Arch. Neurol, and Psycliiat., 1931, 25, 1011) 
report a clinicopathologic study of 7 cases of Parkinsonism. These 
cases are presented in detail both clinically and patliologically. They 
remark that “whereas the clinical course of the syndrome depends to 
a great extend on the nature of -the pathologic process, it is obvious 
that its symptomatology does not depend entirely on the structural 
changes found in the nervous system after death.” The substantia 
nigra was involved in every case except one diagnosed clinically as 
arteriosclerosis in which it showed only evidenees of vascular sclerosis. 
The lesions in the locus Cferuleus paralelled, to some extent, those in 
the substantia nigra. The pallidum seemed to have been mostly 
affected in the idiopathic cases. As to the involvement of the other 
basal ganglia, it did not seem to make much difference whether the 
case was encephalitic, idiopathic, or arteriosclerotic, so far as the site 
of the pathologic process was concerned. The changes in the cells 
were typical of a chronic degenerative process. The cases seemed to 
show that the generally accepted view that the neostriatum and pal- 
lidum are the predominating sites for the lesions in idiopathic Parkin- 
sonism and the substantia nigra in encephalitic Parldnsonism must not 
be adhered to tod slavishly in attempting to differentiate pathologically 
between these two types of disease. The diffuseness of the chronic 
inflammatory lesions in encephalitic Parkinsonism, the extensive secon- 
dary changes in the brain following disease of the vessels in the arterio- 
sclerotic and the widespread degenerative lesions in the idiopathic form 
make attempts to correlate the clinical picture with the anatomic 
observations an unusually difficult task. The authors conclude “there 
is too little definite information as to the effects of disturbances of 
function and their relation to structm’al changes in the neural mech- 
anism as the basis of the symptomatology of the various diseases of 
the extrapyramidal sj'^stem. This is especially true in Parkinsonism. 
Hence the futility of attempting a definite differentiation between the 
various types of Parkinsonism witliout taking into consideration tlie 
history, symptomatology, clinical course and patliologic observations. 
Practically all one may say is that in many cases the presence or absence 
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of certain signs or symptoms of Parkinsonism during life will not always 
justify the clinician in giving an opinion ns to what may be found at 
postmortem examination.” 


Dreams and Their Relationship to Recent Impressions. — iMALAxiun 
and LiNDF.n (Arch. Xnirol. ami P.vicliiaL, 1931, 26, lOSI) present 
the yesnlts of experimental investigations in 10 cases undertaken 
with the purpose of finding out whether the factors uniformly occur- 
ring in dreams can be demonstrated experimentally. These obser- 
vations form the central feature of the psychoanalr-tic thcory of dream 
psychology. The psychoanalytic theory regards the dream as repre- 
•sentative of a more or less disguised fulfillment of a wish that is otlicr- 
wise repressed and docs not gain access to the consciousness of the 
person when aw.ake. This wisli, which at one time has been actually 
c.x])ericncef!, but not gratified, remains as a latent force in the sub- 
conscious level and reappears in the dream only when stimulated by a 
suitable recent occurrence. The procedure was thus: The subject is 
taken into a quiet room and engaged in conversation for 5 minutes. 
The subject is allowed to look at a given picture for 30 seconds. He is 
conversed with for 5 more minutes. Then he is asked to describe the 
picture until his descriptive powers are c.xhaustcd. Pie is told that if 
he should have any dreams during the night he should remember them 
anrl gir’C them to the examiner the next day. The patients were all 
mental cases in liospitals having varied diagnoses. The results of 
these experiments were as follows: (1) The factors regarded by the 
p.sychoanalytic theory as uniformly occurring in dreams were demon- 
strated in the dreams of a number of patients. (2) It is possible to pro- 
duce them experimentally. (3) Some contents in the recent experiences 
of our subjects that were left out in their descriptions were subsequently 
shown to recur in their dreams. (4) These contents seemed to have a 
definite relationship to e.xpcriences in the earlier life of tlie person. 
(5) These latter two experiences “were found to be definitely related 
to those problems in the subjects’ lives that, as far ns could be judged, 
formed the central feature of the disease process.” 


The Incidence and Significance of Fingernail Biting in Children.— 
WEcn.sLER (Psychoanalylic Review, 1931, 18, 201) presents a study of 
3000 diildren of botli sexes, ranging from 1 to 17 years of age. He finds 
that fingernail biting under the age of 3 does not occur. The tendency 
first begins to manifest itself during the fourth year, rises slightly in 
the next, and then suddenly jumps up at the age of 6, from wliich year 
it maintains a fairly constant level until puberty. At the age of 12 for 
girls and tlie age of 14 for boys the percentage once more rises and con- 
tinues at a high peak for 2 years. It then quickly recedes to a very low 
level at which it continues for the entire adult period. It becomes 
apparent that there is some connection between the incidence of fingf'- 
nail biting and various periods of psychosexual development, ine 
author discusses this relationship attempting a correlation between the 
two stating that nail biting is not a habit but a symptom of the cedipus 
situation and all treatment is “doomed to fail” unless the cause is 
attacked. 
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Report of Results from Use of Ketogenic Diet and Ketogenic Diet 
With Water Restriction in a Series of Epileptics.— Doolittle {The 
Pysichiatric Quarterly, 1931, 6, 2, 225) presents the results of his study 
of 25 epileptics with water restriction and modified ketogenic diet. 
These patients for a period of 4 weeks were segregated and given a 
regular diet and allowed to drink all the water they desired, day and 
night. The quantity of water consumed was recorded. All sedation 
was taken away from these cases with the exception of 2, with whom 
this was impossible. After a preliminary fasting of 12 hours, all these 
patients were placed on from 25 cc. to 44 cc. of 40 per cent cream every 
4 hours with no water intake. This lasted for 40 hours. Following this 
all patients were put on a diet having acid ash, moderately ketogenic 
about as follows: Fat 140 to 1^0 gm., proteid 50 gm., carbohydrates 
50 gm. At the same time these patients were placed on water restriction 
varying with the individual from 300 cc. to 630 cc. in 24 hours. The 
results observed by the writer may be tabulated as follows : (o) In the 
pei’iod of observation prior to water restriction, there were 67 petit mal 
and 116 gi’and mal seizures in the group per week. ^Vhile on water 
restriction there were 80 petit mal and 75 grand mal seizures per week. 
Following the treatment the petit mal seizures dropped to 25 and the 
grand mal seizures rose to 87 per week. (&) Tv'^o cases showed very 
marked mental improvement, (e) The seizures did not decrease in the 
cases under dehydration with an increase in body temperature. Dehy- 
dration with hyperthermia was a serious combination, (d) Under keto- 
genic diet the cases showing the greatest tendency toward improvement 
were those of the idiopathic type, (a) Out of the 25 cases in which 
the modified ketogenic diet and water restriction therapy was tried, 
the author found one with whom he believed it could be called a success. 
Six patients showed quite marked improvement with respect to the 
grand mal seizures. Two showed slight improvement. The rest showed 
no improvement or apparently had an increase of seizures under 
treatment. 


Encephalitis Periaxialis Diffusa: Schilder-Foix Disease.— Coenen 
and Mir {L’ Encephale, 1931, 26, 357) describe a case of Schilder’s 
disease in a man aged 41 years, which began with loss of sight in the left 
eye, headache, stiffness of the right arm, and a burning sensation round 
the abdomen; deafness of the left ear came on soon after, and within 
3 weeks liis right leg and left arm became weak and sensation was com- 
pletely lost on the left half of the body. Both optic disks were swollen 
and pale. The patient died 43 days after the onset of the disease. At 
postmortem diffuse sclerosis and demyelination of the white matter 
of the cerebral hemispheres was found, with more discrete patches in 
the pons and cerebellum. The cortex was everywhere spared. In the 
histologic examination tlie most noteworthy finding was the large 
number of “mucocytes” in the areas of more recent demyelination. 
The authors confirm the findings of Grynfeltt and Pelissier and of Bailey 
and Schaltenbrand that mycocytes rise from acute swelling of the 
oligodendroglia by inhibition of the earlj'- products of myelin disinte- 
gration (protagonoid substances). They consider that in Schilder’s 
encephalitis the disease process attacks first the oligodendroglia and 
that the degeneration of myelin is secondary to this. 
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Hypertension in Relation to the Bloodvessels of the Medulla Oblon- 
gata.— Several -^vorkers had prc^dously. attempted to show that hyper- 
tension was line to arteriosclerosis of the hloodvcssels of the medulla 
oblongata. In tJie present study Totjuli. (Jrc/i. Path., 1931, 11, 760) 
examined tlie bloodvessels of the medulla oblongata in tlie region of 
the obe.x in 24 cases of hypertension of varying duration, and in 35 cases 
in which tlie blood pressure was normal. In the cases witli hyper- 
tension there were only 12 which showed an arteriosclerosis of the 
vessels of tlie medulla oblongata. The arterioles in the region of the 
oli\'es and larger vessels in the center of the medulla were chiefly affected. 
Of the only 12 cases of hypertension slight or no arteriosclerosis of the 
^•essels was found. Among the 35 cases in which the blood pressure was 
normal G showed arteriosclerosis of the vessels of tlie medulla oblongata. 
In none of the cases examined was arteriosclerosis confined solely to 
the vessels of the medulla oblongata. The autlior thus concluded that 
no proof was found tliat hypertension was the result of arteriosclerosis 
of the vessels of tlie medulla oblongata. 


Studies on Microglial Cells.—According to tlie results of a prelim- 
inary series of experiments on cerebral embolism, tlirough injections 
into the common carotids of 0.2 to 0.4 cc. of olive oil, undertaken by 
D.^ddi (Lc spcrimcnialc, 1931, 85, 5) with a view to studying the differ- 
ent elements of tlie nerve tissue in relation to tlie metabolism of fat, 
the autlior believes that he can establish as extremely probable, if not 
certain, the presence in the microglial cells of a fat-absorbing property 
wliich is completely analogous to that characteristic for the cells of 
the reticulum. The astrocyte seems also to possess the quality of 
taking up the fat actively, and further experiments will be made to 
establish this claim. 

Oxychromatic Degeneration ("Intranuclear Inclusions”) in YeUow 
Fever. — In this lengthy communication Torres {Mem. d. ijistiiuto 
Oswaldo Cruz, 1931, 25, 148) reports his examination of tissues from 
122 monkeys infected with yellow fever and 17 human cases which 
died in the Rio epidemic of 1928. The inclusion phenomenon is 
regarded by the author as a specific degenerative process. _ He disputes 
the assertion of Cowdry and Kitchen that intranuclear inclusions are 
formed “of colony-like masses of individual particles about the size 
of rickettsim,” and says typical inclusions consist of a groundwork ol 
acidophilic nucleoproteins and a stroma of linin, both of which are 
normal constituents of the nucleus. The author describes variou 
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types of inclusions found by him in his large collection of material; he 
attempts to trace a progression from early to end-stage forms. A 
marked difference between the inclusions of man and monlce^^s is 
recorded. Only 3 of his 17 human cases presented inclusions, whereas 
the incidence was almost 100 per cent in monkeys. Of the 3 positive 
human cases 2 died within 48 hours of the onset of the disease, from 
which the author infers that the pi*esence of inclusions is synchronous 
with the presence of the virus in the blood of the patient. He says 
the virus of the Rio epidemic was a “weak inclusion former” in man 
but “ strong ” in monkeys. The aithor refers to the inclusion phenome- 
non as a necrosis which attacks only determined constituents of the 
nucleus, leaving the rest unaltered. He suggests the term “mero- 
necrosis” (from mcros, a part) as descriptive of the inclusion phenome- 
non in all the virus diseases. 


The Effect of Prolonged Exposure of the Siliceous Spicules of a Fresh- 
water Sponge (SpongiUa Fragilis) to the Action of Animal Tissues : A 
Contribution to the Pathogenesis of Silicosis in Man. — The spicules 
which Mills {Am. J. Hyg., 1931, 13, 224) recovered from fresh water 
sponges contained 18.3 per cent silicon dioxid. These the author 
injected intramuscularly into various animals, 7 in all. After varying 
periods ranging between 182 and 472 days the lesions were examined 
and the spicules recovered. The lesions were negligible, but the spicules 
were reduced in size indicating that they had undergone partial solution. 
In tlie case of 1 animal the spicules were injected into lung, where they 
remained 482 days. When the animal was killed a moderate degree of 
patchy fibrosis was found at the site of tlie injection. From these 
results the author states “This confirms the assumption held by many 
students of silicosis that particles of siliceous material are gradually 
converted into the colloidal state and as such exert a fibroplastic influ- 
ence on the lungs of miners and other exposed industrial workers.” 
The author does not give the size of the silica spicules he used, but from 
the photographs they seem to be about 0.3 mm. in length on the aver- 
age. This is a dimension many times in excess of the common silica 
dust particle found in miner’s lungs. The experiments lack controls 
and on the whole fail to convince one that the author has produced an 
experimental analogy of human silicosis. 


The Rate and Site of Removal of Bacteria from the Blood in Blood 
Stream Infections.— Ottenbebg {Arch. Path., 1931, 11, 766) showed, 
from the results of simultaneous blood cultures from both jugular veins 
and from an arm vein in cases of lateral sinus thrombosis, that there were 
always fewer bacteria in the arm vein than in the jugulars. In a series of 
control cases (bacterial endocarditis and sepsis) the colonies per cubic 
centimeter of blood were for practical purposes the same in all veins. The 
differences cannot be explained by dilution with the general circulation. 
The bacteria are evidently Idlled or are very rapidly filtered from the 
circulation. The actual site of filtration of the bacteria could not be 
proved, but the evidence that in a bacteremia tlie number of bacteria 
from an artery and that from a vein of an extremity are. practically 
the same was offered to show that they were not removed by the periph- 
eral tissues of the extremities. Other sites as lung and liver where 
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filtrnfion prol)aI)!y largely occiu-s, arc (iiscu.ssed. Reasons -ivcrc riven 
for i)efievnig that in many cases of sinus thromliosis bacteria were fed 
into tne blood stream soincwlmt steadily over a period of time rather 
than m momentary showers.” 
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Typhus Fever . — A I inis of the Tvphus Type Derived from Fleas 
Collected from Wild Rat.s.— DvF.n, RuMnEicn and B.adger (Pvblic 
Health Ilcpor/^!, 1031, 46, .334) note, that various investigators have 
suggested a vector for typiuis in addition to the body louse which is 
licid respousiiilc for the disease in most parts of the world. In connec- 
tion with their epidemiologic investigations in the city of Baltimore 
it was noted that tliorc was a heavy infestation with rats in localities in 
which certain cases of typhus occurred. Fleas taken from these environ- 
ments emulsified and injected into guinea pigs gave rise, after a suitable 
incubation period, to a febrile reaction not to be differentiated from that 
induced by typhus fever in the guinea pig. Monkeys had similar 
reactions and the blood of tliese animals developed agglutinins for the 
proteus organism that has proven so useful in the diagnosis of typhus in 
man. Rabbits gave similar results. Finally cross-immunity tests were 
made wlu’ch indicated that tlic virus derived from fleas was not to be 
differentiated from that derived from human cases of endemic typhus 
of the new-world variety. 


Transmission to the Third Generation of Antitoxin Derived by Active 
Immunization of the First Generation.— -Sugg, Richardson and NeilIi 
(J. Imvmnol., 1931, 20, 255) report an example of a guinea pig of the 
second generation transmitting to its own offspring (third generation) 
small amounts of antitoxin originally derived by active immunization 
of the first generation. Previous reports of failure of transmission were 
probably due to quantitative inadequacy of the immunity originally 
transmitted to the females of the second generation to persist to the 
time of birth of the third generation. 

Excessive Ultraviolet Irradiation.— Hess and Smm (Am. J. Dis. 
Child., 1931, 41 775) state that in spite , of the fact that ultraviolet 
irradiation has been made use of during the past 10 years or more to an 
increasing extent, no prolonged observations have been made on the 
effect of this remarkable remedial agent on the growth and functions 
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of the body. This is all the more remarkable, as from time to time the 
question has been raised as to whether these radiations may not inflict 
harm as well as be of advantage to the animal body. With this in mind, 
two series of rats were irradiated with the mercury-vapor lamp for a 
period of from 5 to 6 months or were given viosterol. Male as well as 
female animals were used; those in tlie first series were litter-mates, 
those in tlie second series, although not litter mates, were the progeny 
of the first. Three intensities of irradiation were given, mild, moderate 
and severe. The viosterol was given in small as well as in excessive 
amounts. The main object of the experiment was to note whether 
prolonged and intense irradiation or large doses of viosterol had a 
deleterious effect on the animals, as evinced by the rate of growth and 
by the size and appearance of the endocrine glands. The growth of the 
animals subjected to marked intensities of ultraviolet irradiation or 
given large amounts of viosterol was as good as that of animals wliich 
had lived under similar conditions but had not been subjected to 
irradiation or given viosterol. No difference was noted at necropsy 
between the endocrine glands of the treated and those of the untreated 
animals. 


Significance of Positive Wassermann and Kahn Reactions in Leprosy. 
—Badger (U. S. Pub. Health Rep., 1931, 46, 957) reviews tlie literature 
of the subject and presents the results of his own studies and sum- 
marizes his experience as follows: (1) There occurred an abnormally 
high incidence of positive serum reactions in the cases studied. (2) 
The positive reactions occurred nearly twice as frequently among the 
females as the males. (3) The positive reactions were more frequent 
among the patients under than those over 20 years of age. (4) Positive 
reactions were three times as frequent among the lepers as among a con- 
trol group. (5) Definite changes in the serum reactions correlated 
with changes in the clinical manifestations of the leprosy were observed. 


Rocky Mountain Spotted Fever (Eastern Type).— Transmission by 
the American Dog Tic (Dermacentor variabilis). Dyer, Badger and 
Bumreich (U. S. Pub. Health Rep., 1931, 46, 1403) recall that in a 
recent paper they had shown there prevails in the eastern part of the 
United States an infection of the Rocky Mountain spotted fever type 
with certain differences from the eastern type so far as lesions in animals 
are concerned, but immunologically identical. In the present paper 
they record the successful transmission of the eastern type of spotted 
fever by means of the common dog tick (Dermacentor variabilis). 
Details of the transmission and immunity tests are given together with 
the histopathology. 


Prevalence of Undulant Fever in the United States.— Hasseltine 
(U. S. Pub. Health Rep., 1931, 46, 1519) has studied the prevalence of 
undulant fever for 1929 and 1930. A total of 952 cases was reported 
for 1929 and 1387 for 1930, and it is indicated that these figures are 
too low to portray the actual prevalence of the infection. The disease 
seems to show the lowest incidence in the first quarter of the year 
with the liighest in the third quarter. 
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The Results of Direct IntrafoUicular Injection of Extracts of Urine 
of Pregnancy. ^Iauiuce H. I'kiedsian (from the Laboratory of 
I hysiology, University of Peiinsylv.ania). Although the biologic effects 
of urine of pregnancy arc siinilnr to those obtained with extracts of 
the .'interior lobe of the pituitary, there has been no conclusive dem- 
onstration that the cllcctivc substances found in pregnant urine are 
derived from the pituitary. There arc, indeed, many who believe 
that tlie action of urine of pregnancy is an indirect one, involving tlie 
.stimulation of the pituitary in tlie injected animal. To determine 
whether or not extracts of urine of pregnancy were capable of exerting 
a direct effect on the ovary, a series of experiments were performed in 
which tlie follicles in one ovary of an cstral r.abbit were injected with 
minute quantities of an extract of urine of pregnancy. The other 
ovary in tlie .'inimal was untouched. In 20 of 30 animals tliis pro- 
cedure led to the formation of corpora lutca in tlie injected ovary, 
while the contralateral ov.ary showed no change whatsoever, presenting 
only large, unaltered follicles. In 6 control e.xperiments physiologic 
saline was injected into the ovarian follicles instead of tlie urine extract, 
and in‘the.sc instances no lutein tissue was developed. It is apparent, 
therefore, that extracts of urine of pregnancy when injected directly 
into an ovarian follicle may produce luteinization of the injected 
follicle in the absence of any general humoral change of sufficient 
magnitude to produce a change in uninjected follicles. 


Anion Cation Studies in Liver and Gall-bladder Bile. — I. S. Ravdin, 
C. S. JoiiA^STON, C. IliEGEE and J. H. Austin (from the Laboratories 
of Surgical Research and Research Medicine, University of Penn- 
sylvania). In studies of the individual constituents of the bile sub- 
jected to gall-bladder activity in a bile-free gall bladder the total os- 
molar concentration tended to approach tliat of serum when sodium 
chloride ivas used. Solutions of calcium lactate were concentrated 
during day periods in the normal gall bladder although calcium was 
absorbed. Bile salts, either the glycocholate or tamocholate, were 
concentrated, although these studies could be conducted for only short 
periods because the bile salts caused a violent inflammation of the gall- 
bladder wall, which resulted in hemorrhage. Cholesterol in suspen- 
sion was concentrated, and we found little if any emdence that it was 
absorbed. A mixture of the bile salts and a suspension of cholesterol 
was then studied! Bile salts were very slowly absorbed; cholesterol 
was not absorbed. The cholesterol did not precipitate out of the 
suspension as water was absorbed, as it did when a simple suspen^on 
was used, and the gall-bladder wall was not injured as early as it had 
been when bile salt alone was used. 



PHYSIOLOGY 


149 


We lla^’^e studied the anion cation content of hepatic bile and the 
changes in the anion cation content when hepatic bile was subjected 
to gall-bladder activity. 

The hepatic bile in known amounts Avas introduced into the bile- 
free gall bladder and permitted to remain there for from 2 to 24 hours. 
It was removed vdth a Luer syringe. Each animal was tested at the 
time of operation in order to be sure that we could recover the amount 
of fluid inti’oduced. After catheterization and washing of the gall 
bladder normal saline solution was left in to test the absorptive function 
of the viscus and to ascertain Avhether accessory- ducts had been over- 
looked. As long as the gall bladder remained normal fluid was ab- 
sorbed. The exact amount varied considerably. Estimations of the 
pigment concentrations in hepatic bile subjected to gall-bladder activ- 
ity have shoVTi increases in concentration of this substance over a 
24-hour period, A’^arying from 5 to 17 times that of the bile introduced. 
The minimum figure is in agreement with the low figures published by 
Rous and McMaster, but the maximum figures are considerably higher 
than their figures. 

Hepatic bile is more variable in its electrolyte composition than is 
serum. This is true for different animals and for the same animal at 
different times. It is higher in base, total anion and, as a rule, in 
bicarbonate, while chloride tends to be somewhat loAver than that of 
serum. The bile salt concentration has varied from 15. C to 66 mille 
equiA’-alents per liter. The calcium content of hepatic bile is nearly 
ahvays higher than that of serum and is much more variable. The 
pH has varied from 7.1 to 8.6. A comparison of the estimated anion 
cation content of hepatic bile shoAvs that unknown anions account for 
a median of about 12 mille equivalents per liter. 

The amount of anion which might be accounted for by the small 
protein content of hepatic bile is not more than a few mille equivalents 
per liter. The amount bound by phosphoric acid either inorganic or 
in lipoid combination, by fatty acids or by bile pigments, is unknown. 

After subjecting a single injection of hepatic bile to gall-bladder 
activity for a short period, one finds considerable variability in the 
composition of the bile. In 7 of the 9 instances Avhere complete studies 
Avere made the per cent decrease of the total estimated anion was 
greater than that of the cation. In the remaining 2 experiments anion 
and cation shoAved the same per cent decrease. 

'' An analysis of our data shoAvs that bile salt and undetermined anion 
increase in concentration. In the 2 experiments Avhere bile salt con- 
centration increased above 40 per cent the total base concentration 
increased. If the gall bladder is constantly receiving bile and the 
bile salt and undetermined anion concentrations are increasing the 
retained base will also increase in concentration. We have obtained 
a bile salt concentration as high as 194 mille equivalents per liter from 
a single injection of hepatic bile. The exact time at AAliich base con- 
centration Avill increase will depend upon the rapidity AAuth which the 
bile salt undetermined anion concentration increases. 

- The composition of the bile after stay in the gall bladder is tlie 
resultant of an absorption of water, accompanied by some bile salts 
and a disproportionately liigh absorption of chloride and bicarbonate. 
The exact change in the knoAAm anions perhaps bears some relation 
to the increase in concentration of tlie bile salts and unknoAAm anions. 
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Jin- fhiUlgc ill pll is probuijly dej)eiHlenf on an increase in concentra- 
(inn of some nnkrunvii aeirl. Tiic variability in the composition of the 
bile removed from the pnll bladder is to lie attributed to tlie fact that 
we are dealing witli a resultant of different rates of absorption of the 
vnnons components rather than with a condif ion of eqniliiirium. 'i^^len 
Inie IS constantly added to the amount in the gall bladder, base tin- 
fIoni>tc(lIy ris(\s. 


On Osmotic Properties of Living Cell Fragments.— 13 a nnuix Ltjcke 
(from the I^aboratory of Pnlbology, University of Pennsylvania). It 
is well known that the. normal living cell acts as if it possessed a serai- 
pcrmcaiilc membrane: that is to say, a protoplasmic layer which, while 
permeable to water, is more or less impermeable to many dissolved 
substances, l.jmn tins conception arc based the majority of the 
theories of selective permeability and of osmotic behavior of cells. 

Little is known aiiont the properties of reconstructed membranes, 
7. membranes that have in some sense been reformed. It is known 
that when a cell is meehanically injured, hy tearing, cutting or crushing, 
a new surface film will form almost instantaneously (at least under 
favorable conditions) over the injured surface or over the protoplasm 
which has been extruded. Such newly formed films have the same 
selective permeability with respect to various dyes as has the whole cell. 

Tlic teclmiqiie lately developed by E. N. Harvey of dividing spherical 
ceils (unfertilized eggs of the sea urchin) into two nearly equal spheres 
by means of centrifugation in a medium of proper density, affords an 
opportunity of studying the properties of reconstructed surface mem- 
branes of cell fragments that liavc snfTercd no injury, for upon insemi- 
nation these fragments form fertilization membranes and subsequently 
undergo cleavage. Since division of a sphere considerably increases 
surface area, the surface of the newly formed fragments must in some 
sense be a reconstructed one. The question we wish to answer is, do 
sucli rcconstnietefl membranes liave the same properties of semi- 
pcrraeability as the whole cell? 

• One of the best methods for studying semipermeability of cells is the 
osmotic metliod. With suitable cells, in tliis case the living unfertilized 
egp of tlie sea urchin, it has been shown tlrat tlieir volume changes 
in anisotonic solutions are adequately accounted for by the law of Boyle- 
van't Hoff, which relates tlie volume of a closed osmotic system to the 
osmotic pressure of tlie suiTOunding medium with which it is in equi- 
librium. Stated alternatively, we liave previouslj' found that wim 
this material the product of volume and pressure is approximately 
constant, if correction is made for volume occupied by osmoticalJy 
inactive material. Prom tliese results tlie inference may be drawn that 
tlie semipermeability of tlie celB surface is nearly perfect. If the law 
of Boyle-van’t Hoff should also hold for cell fragments it would indicate 
that their surfaces were similar to those of the original cells. That this 
law does hold was shown by measuring the volume of the cell fra^ents 
in three different concentrations of sea water witli wliich they had been 
brought in osmotic equilibrium. Further proof of the semipermea 
bility of the surface was obtained by measuring preriously swollen 
cells after they bad again attained equilibrium in ordinary sea 
It was found that the fragments returned to within 2 per cent of tbeiT 
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original size. Prom these experiments it is concluded that the recon- 
structed surface of living cell fragments is similar to that of the original 
cell ; that it is an approximately semipermeable one. 

Arteriovenous Anastomoses. — E. R. Clakk, E. L. Clark and E. A. 
Swenson (from the Department of Anatomy, University of Penn- 
sylvania). Direct connections between arteries and veins, by passages 
decidedly larger than capillaries, which have been called arteriovenous 
anastomoses, have been . described by Sucquet (1862), Hyett (1864), 
Hoj'er (1877), Pourceret (1885), Grosser (1902) and Grant (1930). 
There is general agreement that they exist normally in the erectile 
tissue of the sex organs, in the balls and nail beds of fingers and toes, 
in the tip of the nose, the tip of tlie tail and in the outer ears of various 
mammals. While they have been described in other locations, their 
existence elsewhere has not been established. The best descriptions 
of them, made upon injected and fixed material, are those of Hoyer 
and Grosser. According to them, arteriovenous anastomoses are quite 
definite sti'uctures, ranging in inside diameter from 10 to 50 micra 
(except for one in tlie tip of the bat’s wing, which may reach a diameter 
of 150 micra) with a Avail Avhich greatl^-^ exceeds in thickness that of the 
arteriole which precedes it. The smooth muscle has, in addition to 
tlie usual circular arrangement, an inner longitudinal layer and an 
outer layer of oblique cells. 

Grant (1930), Avhose studies hai'e paralleled our own, has made 
interesting obsen'^ations on arterioA^enous anastomoses in the rabbit’s 
ear as seen tlirough tlie intact skin, and has described their behaAuor 
under a variety of experimental conditions. He considers that they 
play an important r61e in temperature regulation in the rabbit’s ear and 
the tip of the human finger. 

Our attention was called to them first in the fall of 1929, when AA'^e 
saAv them in the type of transparent chambers introduced in the rab- 
bit’s ear in which the preformed tissue is retained, Avith its original 
A’^essels and nerves. They Avere made accessible to microscopic study 
by the remoA'^al of tlie cartilage and tlie skin of the inner side of the ear, 
and the substitution of a thin sheet of mica. These structures Avere 
demonstrated in the liAung animal at the meeting of the American 
Association of Anatomists at the University of Virginia, in April, 1930, 
. and at the International Congress of Anatomists in Amsterdam, in 
August of that year. 

Studies of these interesting structures have only begun, but already 
many suggestive observations haA'-e been made, u^hile the possibilities 
for the study not onb^ of their function but also of the factors respons- 
ible for their formation seem to be unlimited, with the methods for 
bringing them under observation in the transparent double-walled 
chambers. It Avas found that arterioA'^enous anastomoses are normally 
present in the rabbit’s ear to the extent of from 40 to 50 in an area 
approximately 1 cm. in diameter, and the special preparation enabled 
the observer to make precise obserA’^ations upon theh normal behaAuor 
as well as their behavior under experimental conditions for many hours 
a day, and for weeks and months. It Avas found that they are definite 
and, certainly in most cases, permanent structures. Some of them are 
straight and some are twisted or coiled. They may occur singly or in 
groups of 2 to 8. They possess a tliick wall Avhich suddenly thins to 
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n Kitifilc ciulothciial, noncontractilc layer at tlic venous end whicJi 
always rcmnnis wide, giving a fiinncl-shapcd appearance. 

in hciiavior it lias been noted that they are extraordinarily contractile, 
llic inosf contractile of ail tlic parts of the peripheral vascular system 
m the ear. ihc arteries and arterioles of the ear undergo frequent 
spontaneous active contractions, nanally showing a periodicity of two 
or three contractions per minute. These general contractions usuallv 
involve also tlic arteriovenous anastomoses. But between such con- 
tractions there niay lie .separate contractions of some arteriovenous 
anastomoses, and it is not uncommon to sec an individual arteriovenous 
anastomosis remain contracted for hours or even days, while a neighbor- 
ing one may be showing four to eight alternate contractions and dila- 
tations per minute. The arteriovenous anastomoses contract sinuil- 
taneously with all the peripheral arteries and arterioles following 
stimulation of the whole animal. 

In addition to tlie study of arteriovenous anastomoses in the pre- 
formed tissue, it has been possible to observe tlie new formation of 
definite and permanent ones in new tissue which has grown into an 
empty space left lietwccn the mica and a hodaloid table in a second type 
of transparent chamber, which we have called the "round table" cham- 
ber. In 1 such specimen installed in July, 1930, taken to Amsterdam 
for demontration and brought back to America, four arteriovenous 
anastomoses were observed in October, 1930. They were watched for 
several months and during tliat time showed no evidence of nerve- 
controlled contraction. In March, 1931, S months after installation, 
one of the four showed definite contractions which synclironized with 
tlie contractions of the main arteries of tlie ear. In June, 1931, at 
11 montlis, two otliers showed similar synchronized contractions. _ At 
that time, and in July, tlie fourth one still failed to show synchronized 
contraction. 

It was possible to obtain motion pictures of these four arteriovenous 
anastomoses, of one of them in March, 1931, and of all four in June, 
as well as motion pictures of similar structures in a second rabbit m 
a chamber installed and cared for by Dr. R. 0. Rex in our laboratory. 
(A reel of motion pictures showing both contracting and noncontracting 
arteriovenous anastomoses was shomi.) 
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PULMONARY FIBROSIS : EXPERIMENTS OF SHORT DURATION.* 

By Willis S. Lemon, M.B., 
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AND 

Geokge M. Higgins, B.S., M.A., Pii.D., 

ASSOCIATE IN DIVISION OP EXPBRIMENTAD SURGERY AND PATHOLOGY AND ASSISTANT 
PROFESSOR OF EXPERIMENTAL BIOLOGY, THE MAYO FOUNDATION, 

ROCHESTER, MINN. 

It has been known for at least 4 centuries that men who inhale. 
the dusty air resulting from certain industries suffer severely from 
respiratory disease, especially from tuberculosis. Heffernan, in 
considering the peculiar behavior of tuberculosis when associated 
with silicosis, wrote: “The total absence of conjugal infection among 
the wives and widows of the silicotic cases is on all fours with the 
oft-quoted observation of George Bauer, who wrote in 1557 that . 
women could be found in the mining communities of the Carpathian 
mountains who had been widowed six times over by miner’s 
phthisis.” Tlmoughout the present century investigations have been 
carried on in all the industrial centers of the world. It has been 
shown that the hazard of dusty atmosphere is pulmonary fibrosis 
and that different dusts possess different powers to excite and pro- 
duce scarring within the lung. Silica is by far the most potent 
agent in the causation of silicosis and it has often been said that 
fibrosis of the lung is brought about “by any given dust so far 
only as this dust contains silica” (Riddell). Bolmod recalled that 

* Read before the meeting of the Minnesota Society of Internal Medicine, Nlinne- 
apolis, April 13, 1931. 
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siderosis ivns iJie first form of pneumoconiosis to be described, and 
uttribntcd tbc dcscrijition to Zenlcer, wlio, in 1867, described 2 cases 
of wliat be termed siiicrosis. He proposed for tlie ivlioie group of 
diseases caused by dust the term pneumoconiosis. Klotz, in 1914, 
shoiYcd that pneumoconiosis could be produced by inlinlcd particles 
of carbon, and tliat a severe type of fibrosis miglit be produced. 
TJic fibrosis was of the same tjTre as tliat produced by silica, but 
required a longer time for its production. 

I he variations in tbc time required by atmospheres containing 
dust of known and constant nature, but of different concentrations, 
to produce fibrosis in the penson employed, has led to a systematic 
study of indu.strial hazard. It wa.s found tliat not only does silica 
cause a specific lesion, but tiiat factors suciv as infection, size of 
dust particles, chemical reactions in tissue, solubilitj' of dust par- 
ticles, moisture, hygienic environment of the men, races of men, 
nationality, and interruption of work, all played parts in the pro- 
duction of the fibrotic lesion or influenced its progress or its prognosis. 

It has been proved"' that tliere arc certain limitations of permissible 
dustiness in the dangerous trades, and the figure that has been more 
or less arbitrarily chosen is 10,000,000 particles for cacli cubic foot 
of air. Observers have shoum tliat the injury produced is in direct 
ratio to the numbers of dust jiarticles and that, if this number is 
more than 20,000,000 particles for each cubic foot of air, tlie risk 
of the development of fibrosis and of its most important and most 
common complication, tuberculosis, grows into a really serious 
menace. It is assumed, in any statement of tliis kind, tliat not 
only the percentage of silicon is liigh but also that from 50 to 70 per 
cent of the particles of dust are smaller tlian 10 microns in diameter. 
.In men examined in The Mayo Clinic who had been subjected to 
dusty atmosjiheres, the length of time required for the breakdown 
of the protective mechanism, and the consequent production of 
fibrosis, varied, except in exceptional c.ases, over the wide limits of 
at least 5 to 15 years, depending on many phj’-sical, chemical and 
bacterial factors. Furthermore, experiments on animals subjected 
to a dusty atmosphere have almost uniformly failed to produce a 
condition comparable to the fibrosis of silicosis.^ For these reasons, 
study of the mechanism of the production of this pathologic state 
becomes at once very difficult. In man, the end results of fibrosis 
and of tuberculosis have been thoroughly studied, and tlie clinico- 
pathologic picture has been well described. Less exact information 
is available regarding the patliologic processes, from the earliest 
evidence of failure of the protective forces to rid the lung of its load 
of dust, to the full development of the protective mechanism that 
attempts to dissolve, destroy, remove or mobilize the irritant and 
encapsulate it, resulting in the production of the dense fibrosis or 

the silicotic lung. . „ 

Landis® wTote; “The solution, I tliink, lies in the fact that 
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area is at first protected by tiie cilia of the outer respiratory tract. 
Gradually tliese defenses break down and the small particles of 
dust are taken up by the lymphatics and appear in the alveolar 
cells, tJie first histologic diange noted being the swollen alveolar 
cells. Other changes are marked swelling of the cells lining the 
alveoli, with marked pigmentation in the alveolar walls in and 
about the bronchial walls. Deposits of dust seem to localize at the 
junction of the lymphatic channels. The cut surface will show this 
in the gray parenchyma of the limg. This represents the stage of 
pneumoconiosis, and with the definite deposits of these small points 
of dust one begins having a marked inflammatory condition of 
fibrous tissue. The fibrous tissue and the dust alternate, the 
points coalesce and ultimately there is a large fibrous mass.” 

Experiments done in 1925^“ on the aspiration of particulate matter 
into the lung, proved that the technique then employed permitted 
particles of very small dimension, comparable to the particles of 
silica that effect the pulmonary changes in cases of silicosis, to 
reach the alveoli, alveolar walls, and subpleural spaces, within a 
period of 40 minutes. By this simple technique, therefore, we were 
able to circumvent the experiments of long duration, in which 
dusting had been employed, and which had failed because of the 
protective mechanism that rids the lung of foreign particles and 
that does not permit them to reach the finer bronchioles or the 
alveoli. It is the material that cannot be removed from the lung 
that does the mischief, not the material which soon after entrance 
is removed from the lungs. By administering the foreign material 
in the form of a suspension, the primary mechanism of removal was 
at once overcome, and the particles were placed so deep in the 
bronchi and the alveoli that the secondary process of protection of 
the lung from injury was promptly mobilized and started into 
activity. This mechanism was defined by Maximow as follows: 
“All multicellular organisms are endowed with the ability to repair 
damages inflicted by extraneous factors and autogenous disturbances 
to resist, neutralize, digest or destroy noxious agents which endanger 
the normal course of life and to eliminate them. The connective 
tissue, the so-called 'mesenchyme’ plays the predominant role in 
these defense reactions.” 

The worker in the dusty atmosphere of the dangerous trades is 
unharmed as long as the dust can be satisfactorily removed by the 
cilia of the outer part of the respiratory tract, and he becomes 
injured when that mechanism of protection breaks down and dust 
reaches the alveoli. It was possible to produce, witliin a brief 
period, comparable loss of competency in the normal defense 
meclianism in an animal. For these reasons it was thought prob- 
able that the endowment to repair, resist, neutralize, digest, or 
destroy might be studied, and that the facts obtained might be 
used to explain the production in man of silicosis. 
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Experiments. In the first exporiment the <lo{' lav on an inclincfl 
plane with tiic head of the taldc elevated 10 cm. higlicr than the 
foot.^ J he hcarl was held to one .side, h'orty cubic centimeters of 
a mixture of 20 per rent barium and India ink Avas given in 
dose.s of ~) cc. oA'cvy o minnte.s. It AA’a.s s)inp]y dripped into the 
month atul allowed to flow down the cheek. The dog Avas kept 
anesthetized Avith ether throughout the experiment, and the suction 
of in.spiration Avas the only force employed to transport the siis- 
])ension of particles down to, and through, the trachea into the lungs. 

At the conclusion of the ex'})eriincnt the dog was de.spatched by 
OA'eretherization, and Jiecropsy Avas done at onec. When the 
trachea Avas o})cned, mucus tlint aa'hs stained black could be seen 
Avithin the trachea. It extended doAvnward, past the carina, into 
both main bronclii, and the major })ortion entered the loAA'cr lobes 
of the lungs, hlore found its AA'ny into the right side than into the 
left and only small aiuovnts were transported into the upper lobes. 
Within the loAA'cr lobes, the mucus, laden A\'ith particulate matter, 
passed so deeply into the bronchial dmsions that the bronchi AA’cre 
too small to alloAv the finest sci.ssor points to be inserted into their 
lumens for further opening of their AA’alls. IIoAveA'er, by gentle 
traction, tenacious threads of mucus, blackened by India ink, could 
be extracted. 

The cut surface of tlie lung, in its distal parts, aa’bs mottled ndth 
tiny black spots AA’hich represented the finer broncliial diAusions. 
In many instances the.se Avere removed, in part by cohesion and 
traction, and by this means conld be distinguished from any possible 
effect of antliracosis. The })leural surface Avas mottled AAotb black- 
ened areas AA’hich Avere separated from each other by \dsceral pleura 
of normal color. 

hlieroscopically tliere vras no possible confusion betAveen the 
antliracosis normally present and tlie pigment artificially introduced. 
The former presented the characteristic appearance. The granules 
of carbon AA'ere intensely black and Avere so densely packed within 
cells that the nature of the phagocytic ceil could not be determined. 
These AA’ere grouped in the characteristic fashion about bloodvessels 
and bronchi and served to identify the presence of the small bronchi- 
oles. Carbon wa§ not found in the alveolar Avails, but a linear dis- 
tribution could be seen in the subpleural spaces. This description 
is similar to that of the lymphatic system of the lungs and pleura.--®'^- 
It is in the Ijunphatic spaces and tissues that impounded particulate 
matter is stored. It is impounded and stored Avhen the lymphatic 
system fails in its function of remoAung fluid, and especially in its 
function of removing particulate matter. 

The appearance, after the artificial introduction of foreign matter, 
was decidedlj- different from that of antliracosis. The suspension 
of barium, 20 per cent, colored Avitli India ink, AA’as chosen because 
the particles Avere many times smaller than blood cells, because 




Fig. 1. — Nongranular mononuclear phagocytic cells known as histiocytes, clasma- 
tocytes or polyblasts. The cells show marked evidence of phagocytosis; they are 
from trabeculae of a peritracheal Ijraph node and reached the node one and a half 
hours after intratracheal administration of particulate graphite. 



Fig. 2. — Peritracheal lymph node after. absorption of colloidal iron from the lung. 
The node is filled wth phagocytic cells containing iron. Littoral cells are filled vith 
iron; e^^dence of early fibroplastic action. 






I'jo. Tissue from Iuiir of Immnn Ijcinc, with n Jocnlizcd subploural fibrous 
tissue plnqiip, in a case of antlirncosis. Storace of carbon lias taken place in peri- 
i-nscular and iierilynipliatio siiaccs. There is e\-idcneo of slight reaction in the 
alveolar walls, cnipliysoina. 



Fig. 4. — 'Tissue from lung of a quartz miner. Dense fibrous tissue is present. 
The alveolar walls are markedly thickened and the contained capillaries are com- 
pressed. The cells lining the alveoli are cutoidal and desquamation of them has 
taken place, gi^•ing rise to the so-called dust cells, which permit of continuous evac- 
uation of silicon from the lung. The fibrosis extends throughout the parenohj>ma, 
far removed from the perivascular and peribronchial lymph depots. There is a 
high degree of emphysema. 
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microscopically they were much lighter in color than the carbon seen 
in antlu-acosis, and because the two could not readily be confused. 
On studying the sections, it became apparent that within 40 minutes 
the force of aspiration had carried foreign material from the mouth 
into the broncliial tree and into’ the alveoli, and thence a migration 
had oceurred which transported the particles into the alveolar walls 
and to the periphery of the lung, in which, beneath the superficial 
layer of .the pleura, the India ink and barium could be identified. 

Within the hour taken to perform the experiment, partieulate 
matter had been placed as deeply in the lung as any dusting experi- 
ment could have placed it in months, and probably as deeply as 
man would have inhaled it after even years of exiiosure to an 
atmosphere heavy with the dusts considered dangerous in industry. 
We were thus permitted, by overcoming the first protection afforded 
by the cilia of the upper part of the respirator^’- tract, to see the 
first stage of the second protective meehanism, which is called into 
service when dusts can no longer be removed by ciliary transpor- 
tation of dust-laden mucus. 

The second stage of protection depends on the ability of the lung 
to repair injury after the first mechanism has been overcome. Then 
the defense reaction is taken up by the mesenchyme, and the 
offending foreign bodies are destroyed or removed from the organ 
tlu’ough the Ijonphatic structures, or are stored in depots where 
they are so invested that tliey do the minimal amount of harm. 
The process is, first of all, one of phagoeytosis; later, one of lymphatic 
drainage and, finally, one of fibrosis to encapsulate what cannot, be 
removed. 

Much of this second protective mechanism is not thoroughly 
explained. We believe that the part played within the lung by 
the mesenchyme is as follows: 

The exact origin of the phagocytic cells of the lungs is still in 
question. Hitherto they were thought to be of endothelial origin. 
This was at the time the endothelial origin of phagocytes in general 
was accepted. Since this general hypothesis has been dethroned, 
concepts of the origin of the phagocytic cells in the lung have 
ehanged. The present concept is essentially that they are derived 
from the mesenchyme. It is thought that these cells arise from 
primitive mesenchyme cells which lie within the interalveolar sep- 
tums and increase in number as the demand arises. The changes 
in our concept concerning the origin of the phagocytic cells in the 
lung coincide essentiallj^ with the changes in our belief regarding 
the morphology of tlie alveolar cells. In fetal life the alveolus is 
lined with a cuboidal type of epithelium. Subsequently this epi- 
thelium is lost and the alveoli then come to be lined by a flattened 
layer of cells which are now said to be derived from the mesenchyme. 
The exact fate of the original embryonic epithelium is not known. 
The mature alveolar cells of mesencliymal origin are potential his- 
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tiocytes, so tlint as the occasion demands, these ceils may enter the 
lumen ()f tl)e aivcoins and pJjapocytose debris or foreign particles. 
These lining histiocytes are ])robably identical with the cells that 
lie within the septiim.s; therefore as a shedding of lining histio- 
cytes occurs, other histiocytes, from the septums, take their place. 
These cells, as they enter the lumen of the alveolus, phagocytosc 
foreign ]>ar tides, i)n£S back through the wall of the alveolus or the 
brouchioie into the substance of the lung, and either migrate 
fiircetly through the ])iircnci»yma, or enter lymph tracts and proceed 
to fljc regional lymjdi nodes. 

In this respect, then, we may say that alveolar jdiagocytes, or the 
pulmonary du.st coll, or the .so-called heart failure cells, are nothing 
more or less than normal histiocytes, comparable in every waj^ to 
tI\ose which abound tiironghont ti\c body generally. They are 
derived from the mesenchyme, may migrate freely through the 
]nilmonary ])arenchyma, and are concerned functionally with the 
defense mceiianism of the organ. 

In our e.x'jreriment wc were able to demonstrate particulate 
material in the farthest readies of the lung. When microscopic 
slides were iircpared and examined, the mechanism of migration 
from the air tubes into the parcndiyma of the lung became apparent. 

Asjiiratcd material could readily be distinguished in the smallest 
bronchial divisions. ' It was mainly in a free state, but mononuclear 
jihagocytic cells could be seen scattered througl) it; these were 
invariably loaded witir particles. In some instances the foreign 
particles ivci'C literally packed in the cell in such amounts tliat the 
identity of the cell itself became difficult to determine. The same 
type of phagocytic cell was seen witliin the alveoli and in the 
alveolar walls, and their migration could be followed as far as the 
subjjleural spaces, in which they were sometimes arranged in a 
linear fashion, suggesting their inclusion in lymphatic spaces. Par- 
tides in a free state were also found in tlie alveolar walls. Presum- 
ably they had penetrated tlie alveolar lining and presumably also 
they later were engulfed by phagocytic cells of mesench3'mal origin 
known under different names, histiocytes, dasraatocytes and poly- ■ 
blasts. 

Curiously enough, there was little evidence that potymorphonu- 
clear leukocytes had migrated from the bloodvessels. Ordinarily 
we have learned to expect them to be the first phagocytes seen in 
inflammation produced b}’’ the introduction of sterile particulate 
material. The usual influences of attraction, whether chemo-- 
tactic, osmotic, or electrotropic, enumerated by Maximow, failed 
to introduce these cells and permit them to take on themselves the 
first burden of phagocytosis. In onr experiments® dealing with 
pleural exudation, polymorphonuclear leukocytes were the first 
phagocytes to appear, and as they withdrew from the exmdate, or 
disintegrated, monuclear cells of pofybiastic which we have 
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called clasmatocytes, appeared later and continued the pliagoeytic 
function. 

The phagoeytosis under discussion was, however, essentially 
confined to mononuelear cells, .identical in appearance with the 
clasmatocytes we have described in our work with pleural exudates.® 
In the second experiment a half-grown puppy that had lived in 
the country was chosen so that all risk might be obviated regarding 
the confusion of foreign particles artificially introduced with those 
present in an anthracotic lung. A colloidal suspension of graphite 
was introduced into the trachea, and hours later necropsy was 
performed. The lower lobes of the lung had received almost the 
whole amount of the suspension of graphite. A few small regions 
of infiltration occurred in the upper lobes. These portions of the 
lung into which the graphite had been aspirated were swollen, edem- 
atous, and black. Examination of the gross specimen disclosed that 
the graphite had filled the enthe bronchial tree. Examination of 
microscopic slides revealed that the same mechanism of mononuclear 
phagocytosis had operated in this animal as in the first, to carry 
the particulate matter throughout the pulmonary parenchyma and 
to the subpleural spaces. Polymorphonuclear leukocytes were seen 
in relatively small numbers, but they were definitely phagocytic in 
action. 

Moreover, a further phenomenon in protective processes appeared. 
There were indefinite, blackened lines in the visceral pleura, that 
were densest at the hilum of the lungs, and the tracheobronchial 
lymph nodes were enlarged and very densely blackened. This 
mechanism for removal of obnoxious particles was entirely confined 
to the lymphatic system. The bloodvessels did not contain phago- 
cytic cells which had engulfed particles of pigment. The lymphatic 
system had evidently begun functioning early, because, even after 
14 hours, the graphite had not only reached the tracheobronchial 
nodes, but had blackened the paratracheal nodes. The node com- 
monly found in the dog opposite the first rib was deeply blackened. 
It is only a short distance removed from the confluence of its 
efferent lymph vessels and the venous system. 

Fixed sections of the inferior tracheobronchial nodes, of the 
superior tracheobronchial nodes and of the paratracheal lymph 
nodes, were examined microscopically. The central portion of the 
glands, mainly the trabeculae, were seen, on low-power examination, 
to be filled with graphite. On increasing the power of magnification, 
the graphite was found to be entirely phagocytosed, mainly in 
markedly enlarged nongranular mononuclear cells; a few polymor- 
phonuclear leukocytes took part in the phagocytic action and were 
loaded with particles of graphite. It was apparent that the mesen- 
chjune had taken on itself the function of protection. 

After phagocytosis had occurred, the lymphatics had rapidly 
conveyed the cells, with their debris, out of the lung. Within 
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Iw liours these were as far removed as the farthest ]ympli node in 
the lymphatic sysiem leading to the lymj)liatic-voi!ons juncture. 

All of the bloodvessels of the hmg and the nodes were free of 
pigment and of pigment-hearing cells. 

^ Jhediver Juid felt the influence of irritation from foreign bodies, 
ICupfrcr cells were eidargcd and swollen, showing evidence of 
histiocytic activity. 

Comment. In our other experiments/ in which the tracheo- 
bronchial and the parntracheal glands have become filled with 
absorbed material from the pleural space, a similar reaction occurred 
ill the reticulo-endothclial system, especially of the liver. The 
Knpfler cells became enlarged and bulged into the sinusoids. The 
reaction seemed to be one of stimulation rluc to the influence of 
foreign material, and always jircceded the phagocytic phenomenon 
whicli occurred after the lyrnjih stream had commingled with the 
blood. Then debris and ])articlcs were ingested bj"^ the Kupffer 
cells. The final disposal of particles engulfed by tlie Kupffer cells 
is not known. Presumably the Kupffer cell itself is transformed 
into a fibroblast or is destro3"cd. 

^^dlen the convcjdng mechanism fails and debris cannot be carried 
out of the lung, Nature stores it in convenient depots and sets about 
to make it harmless. Since the whole process of removal is carried 
on by the Ijunphatic system, it is obvious that the storage should 
be witliin that sj’^stem. Therefore the walls of the bronchi, to their 
finest divisions, the ductuli alveolares, have tlieir lymphatic spaces 
crowded with unremoved cells containing intracellular particles. 
The lymphatic tissue at the bronchial divisions, and the lymph 
vessels surrounding tlie arteries and veins, all bear their load of 
phagocjdic mononuclear cells filled with debris, and the subpleural 
lymph cliannels are similarly filled. 

The first step toward the formation of fibrous tissue, and the 
last toward protection, is now ready to start. We have found that 
fibrosis began earlj’’ in the mediastinal tissues which had taken within 
themselves the graphite-laden phagocj'tic cells of pleural exudates. 
We noted that the polymorphonuclear leukocytes, wliich had reacted 
first as phagocytic cells, broke down or disappeared, and that the 
mesenchyme cell, the clasmatoc}i;e or histioc;^e, or resting wander- 
ing cell, or mononuclear exudate cell, or polyblast of Maximow, 
increased in numbers as time elapsed. These are all names of the 
same ceU in different states of activity. They seemed most active 
in removing the cause of the inflammatory irritation and clearing 
the tissue of debris. They were not only in large numbers, but 
tbe.y were densely crowded with particles, and did not appear to 
degenerate and break dovm readily. By the fifth day, they seemed 
to elongate and form fibers, and seemed actually to become trans- 
formed into cells resembling fibroblasts. The fixed tissue cells,^ or 
fibroblasts, were rarely phagocytic and reacted slowly, becommg 
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enlarged as did the Ivupffer cells in the liver, and proliferated. 
Together, these transformed clasmatocytes and fibroblasts became 
part of granulation tissue which later developed into true scar tissue. 

A similar process occurs within the lung. The degree of fibrosis, 
however, is dependent on the natm-e of the phagocytosed irritant, 
and explains the difference in the amount of fibrosis seen in the lungs 
of workers in soft coal and those who have spent a much briefer 
time in a much less dusty atmosphere of the quartz mine. Up to 
the stage of fibrosis, the mechanism is the same. The fibroblasts 
provide a fibrous capsule which invests the irritant substance that 
remains, as yet intracellular, and when the irritation is prolonged 
or continuous they proliferate to such a degree that actual indura- 
tion occurs. It seems probable that the phagocytic cell elaborates 
some substance that attempts to destroy or liquefy its load of 
debris. Maximow expressed the belief that this may be an enzyme 
or other soluble substance. It is at this point that bacterial, meclian- 
ical or diemical differences in the ingested material control the 
degree of succeeding fibrosis. Gye and Kettle have attempted to 
explain why silica is conspicuous and is possibly alone among 
common dusts in its capability of inducing extreme degrees of 
fibrosis. They wrote: “The view most often expressed is that 
silica owes its injurious quality to its physical properties. Moore 
tabulates the properties as follows: (1) Its heaviness; (2) its sharp, 
vitreous fractures, and (3) its great hardness and insolubility. 
Hardness, heaviness and sharpness of points or edges are properties 
which lose their significance when applied to partieles of dust 
enclosed in the cytoplasm of wandering cells; direct mechanical 
injury to the lung (under the circumstances by which the dust 
gains access) is almost inconceivable. The property of insolubility 
deserves more attention. Silica, though insoluble in all acids, except 
hydrofluoric, is readily dissolved in alkalis. The statement, there- 
fore, that silica dust is insoluble is only partially true, and the con- 
ditions under which a solution may be ’obtained are relevant to the 
problem of silicosis. Carbon particles, certainly in a test tube, are 
more insoluble than silica particles, and it is universally agreed that 
carbon dust, unless in large amounts, is of no pathologic importance. 
In silicosis the injury to the lungs is a continuous process, and the 
amount of fibrous tissue formed is much greater than can be 
explained upon the .mechanical process involving disturbances of 
microscopic anatomic relationships. Further, the fibrosis extends 
far beyond the near neighborhood of the silica particles.” In the 
report of the committee on silicosis presented to tlie Industrial 
Hygiene Section of the American Public Health Association, Minne- 
apolis, Minn., October 4, 1929, a similar view is expressed: 

“According to Heffernan on the biophysics of silica and etiology 
of silicosis, the disease is the result of the local action of hydrated 
silica upon pulmonary tissues; tlie action is physico-chemical in 
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nature and its development depends upon the rapidity with which 
fresh silica hydrosol is brought into contact witli pulmonary tissue; 
substances sucli as alkalis, wliich favor the formation of silica 
hydrosol from silica, when added to silica dust accelerate the 
development of silicosis; and substances such as carbon coal dust 
or clays, wliich retard or prevent the formation of liydrosol from 
silica or which coagulate the hydrosol when formed, retard or 
prevent silicosis.” 

A more recent communication regarding the chemical reaction 
of silica on the tissues has been made by Mills. As a result of his 
investigations on Spongilla fragilis ho concluded: "The spicules of 
tlie fresh-water sponge, Spongilla fragilis, are composed of opal, a 
form of hydrated silica, wliich is similar to quartz in its chemical 
reactions. These spicules, when introduced into the tissues of 
animals, arc slowdy but definitely dissolved, proving conclusively 
that silica is soluble In tlie tissue fluids of animals, and presumably 
of man. This confirmed the assumption held by many students of 
silicosis that particles of siliceous material are gradually converted 
into the colloidal state and as sucli c-xert a fibroplastic influence on 
the lungs of miners and other e.xposed industrial workers. Definite 
fibrosis of the lung of a dog into wdiich the spicules had been intro- 
duced suggests that there is a concomitant injury attributable to 
the disappearance by solution of the siliceous elements of the 
spicules.” 

It seems probable, then, that tlie final process is a chemical one 
w’hicli occurs within the cell. The "enzyme,” or soluble substance 
elaborated by the phagocyte, fails to dissolve the particle of carbon, 
W’bich is tlierefore bland and nontoxic, and can be stored without 
destructive tissue reaction appearing, and stimulating continuous 
hjiierplasia of fibroblasts and late transformation into scar tissue. 
The phagocyte, by the chemical action of its elaborated substance 
or enzyme, seems, however, to produce a tissue poison from ihe 
particles of silica, and this process continues as long as silica remains 
in the lung. It is slow but continuous and stimulates constant 
hyperplasia of fibroblasts and constant addition to the amount of 
scar tissue. It is tbe explanation of the fact that men may lose 
respiratory competency years after having been engaged in work 
wliich is done in a dusty atmosphere, in which there is a high 
percentage of silica. 

The specificity of silica, therefore, seems to be due to its trans- 
formation within the cell from inert particles to a substance ^at 
is a protoplasmic poison. Gye and Kettle have expressed their 
■view as follows: “Our wmrk has been based on the lmown_ facts: 
(1) That colloidal silica is a cell poison; (2) that colloidal silica is 
the most easily formed soluble form of silica, 'Ae circulation oi 
silica in nature depending on this, and (3) that living matter (sou 
bacteria) is able to break up mineral silicates with the formation or 
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soluble silica. We judged it probable that the fibrosis brought 
about by finely divided silica was due to the slow formation in the 
tissues of silica sol, either directly or through the intermediate 
formation of sodium silicate, which is decomposed by carbonic acid, 
the solution formed acting as a cell poison,” 

It is probable that other inorganic substances may produce proto- 
plasmic poisons when chemical reactions occur within the cells. 
We have in progress at present experiments in which we are using 
colloidal iron in a similar way to that described in the protocol of 
the experiment in which graphite and India ink were employed. 
Within 12 days we have observed early but widespread and definite 
fibrosis in the lung. 

The Kupffer cells of the liver, the littoral cells of the paratracheal 
lymph nodes, the cells of the tubules of the kidney and of the 
cortex of the suprarenal glands all contained iron. There was, also, 
definite evidence of injury to the cytoplasm, both in the lymph nodes 
and in the liver. 

Conclusions, It seems probable that the fibrosis of the lungs 
produced in workers exposed to dusty atmospheres, especially those 
in which fine particles of silica make up the larger percentage of the 
dust, is an end product and represents a progressive defeat of the 
protective mechanisms of the body. It is never found until the 
lung fails to rid itself of dust carried out of the bronchi by ciliary 
action or of dust carried through the lung by way of the lymphatic 
channels. With the breakdown in the carrying mechanisms, the 
burden of protection is the phagocytic cell, which, with its load of 
engulfed material, passes to all parts of the lung and ultimately 
becomes immobilized in those portions of parenchyma in which 
lymphatic tissue is abundant. The cells concerned are polymorpho- 
nuclear leukocytes, which are the first to appear, to disintegrate 
and to disappear, and clasmatocytes, which appear later, are 
extremely active, break up less readily, and may become trans- 
formed into fibroblasts. In association with the tissue fibroblasts 
the clasmatocytes form scar tissue. 

Tinally, fibrosis is the result of the action of substances secreted 
by the cell on the foreign particles. If a tissue poison results from 
this cliemical action, fibrosis is encouraged, and is progressive, 
lasting as long as the unaltered irritant remains in the lung. 
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BENIGN TUMORS OF THE BRONCHUS. 
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The folJoiving stud.v of benign tumors of tJie bronclms is based 
on 17 cases, 14 of which we have observed clinicallj’ and broncho- 
scopically with biopsy. Tlie remaining 3 belong to an earlier period 
and are derived from tlie clinical and autop.s.v records of Mt. Sinai 
Hospital. We have included 2 cases of inflammatorj- polyp and 1 
case of bronchial l.vmphoma. This has been done intentionally 
and may be justified in a study which is essentially clinical because 
these cases present the same problems in diagnosis and treatment as 
benign neoplasms and they have a similar pathogenesis. 

These tumors, of which not more than .30 have been recorded.^* 
possess a practical importance whidi outweighs their rarity. 
Chevalier Jackson- states that primary growths of the tracheo- 
bronchial tree though not frequent are by no means rare. Although 
they are characterized as benign, this is true only in a pathologic 
sense. If they are not discovered and removed they produce 
pulmonary complications which result in the death of the patient 
as surely as if they were truly malignant. Furthermore, we have 

* The reader is referred to this article for a brief survey of the literature. 




Pig. 2. — Benign tumor of the bronchus. High power, showing characteristic cellular 

structure. 










Fig. 3. — Cross section of Ijronchu.s. Moderately onlnrced, showing entire polyp. 
Note the extension of the adenoma between and behind the cartilages. 
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definite evidence wliicli will be later adduced, that a, benign bronchial 
tumor may years later undergo malignant degeneration. On the 
other hand if they are early recognized they are very amenable to 
treatment. For these reasons we present a pathologic study and 
clinical analysis of our cases and have attempted to formulate the 
data upon which a diagnosis may be made clinically. That this can 
be done with some measure of success is indicated by the fact that 
of the 14 cases which we personally studied a presumptive diagnosis 
was correctly made in 9 cases on purely clinical grounds. 

Pathology. We preface the clinical features of benign tumors 
of the bronchi with an outline of the essential pathologic facts. 
Our observations are limited to the form of tumor Icnown as the 
adenomatous polyp, as this is the commonest type of bronchial 
tumor and comprises 12 of our cases. Other t3T3es of tumors are 
occasionallj' found. Jackson^ describes primarj^ papillomata and 
fibromata. He also points out the tendenc}^ toward malignancy 
which is evidenced by some chondi’omata and osteochondromata. 
^ Adenomatous polj^pi alwaj’s originate rom the mucous membrane 
of a large or main bronchus. The growth is commonlj'' situated not 
far from the origin of the bronchus. It is usually pedunculated 
and is so placed that its free bulbous end is directed toward the 
trachea. This position is a consequence of its extrusion from its 
bronchus in the act of coughing. 

The bod}^ of the tumor is usuallj'’ oval, its shape being determined 
bj" the length of its pedicle and the caliber of the bronchus to which 
it adapts itself and which it completely fills. If the pedicle is long 
the tumor maj'" be movable and thus, acting as a ball valve, produce 
obstruction either of the trachea or of a bronchus other than that 
from which it takes its origin. 

Microscopic Pathology. The body of the tumor has a smooth 
surface and is covered bj^ a laj''er of epithelium. This often shows 
a squamous metaplasia which maj^ result in a hornified stratified 
covering. In the basal part of the tumor where it is attached to 
the bronchial wall, the epithelium maj)" be normal or it maj'' be 
made up of a stratified la^^er of columnar epithelium. Beneath 
this there is a completelj'^ intact basement membrane. Subjacent 
to the latter there is often a laj''er of loose connective tissue within 
which are numerous dilated bloodvessels. Erosion of these vessels 
often gives rise to bronchial hemorrhage. 

The tumor itself is made up of rather small cells whose c.ytoplasm 
varies in size in different cases. The nuclei are usuallj’^ small and 
either perfect^'' round or ovoid. Their striking characteristic is a 
uniformit}’- and hemogeneity of structure and staining qualities. 
The.y are usually" arranged in acini with perfectlj" definite basement 
membranes. There are instances, hov^ver, in which the acinar 
structure is not present and the cells appear to form solid masses. 
In the process of fixation and embedding there is a tendencj" for 
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the cells to retract from the basement membrane wliich is perhaps 
more marked than is the ease in most adenomatous tumors. (Fies. 
1 and 2.) 

J his description of the minute pathology of benign adenomas 
accords in its essential features -vvilh that of a small number of similar 
eases which have been recorded in the literature as carcinomas. 
It is our belief, based on the clinical and pathologic study of our 
j)aticnts and a conijiarison with those reported, that a number of 
these rcj)ortcd eases were mistakenly considered carcinomas and 
that they were truly benign adenomas. In their microscopic 
rcj)orts the authors frequently pointed out that there was an infil- 
tration of the subraucosa between the cartilaginous rings whicli 
sometimes extended even behind the cartilages. This was regarded 
by them as evidence of malignancy. However, when one studies 
the anatomic position of the bronchial glands, it will be found that 
they arc normally found not only on the internal aspect of the car- 
tilages, but also between and externally to them. The presence of 
neoplastic tissue in these locations therefore does not signify malig- 
nant infiltration of the bronchial wall but results from the lij'per- 
plasia of normally situated glandular structures. (Fig. 3.) 

In 2 of our cases which were studied jjostmortem, there was some 
evidence of infiltration of the deeper tissues of the pol^q). This 
consisted of a few groups of cells which apparently lay in a stroma 
outside the glandular acini. In these cases the distinction between 
a benign and a malignant neoplasm becomes more difficult. On 
purely pathologic grounds, they would have to be regarded as car- 
cinomas. On the other hand, both cases presented a long history 
of pulmonary disease and there ■was a total lack of any gross infil- 
tration of the bronchi or the lungs which should have been present 
if they had been malignant. For these reasons the microscopic 
interpretation of material removed through the bronchoscope or 
even at autopsy must be made with considerable reservation and 
w’ith due regard to the clinical findings. It is of course possible in 
the occasional case which shows this beginning infiltration of the 
stroma that the adenoma is in the process of transition to carcinoma. 
Such a coincidence is certainly conceivable and we have 2 cases 
which are fully described at the end of this paper in which this 
sequence of events probably took place. 

The point of origin of benign adenomas has been in dispute. 
There are 3 structures in the bronchus from which they could arise 
namely, the bronchial epithelium, the mucous glands or the 
epithelium of these glands. The bronchial epithelium can e 
definitely excluded as the origin of the tumors because the latter 
are invariably covered by this epithelium and by an intact basemen 
membrane. The tumors probably do not begin in the mucous 
glands as their cellular elements bear no resemblance to l^hose ot 
the glands. We have in fact, observed the mucous glands to be dis- 
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tinct from the tumor with no apparent transition into it. This 
leaves the duct epithel um as the probable point of origin of the 
tumor. The tumor cells closely resemble those of the ducts of the 
mucous glands and in 1 of our cases there was distinct evidence of 
proliferation of the ducts. In parts of the tumor there were dilated 
ducts which had undergone squamous metaplasia so that some of 
the acini were composed of stratified squamous epithelium. 

In addition to the adenomatous tumors which represent the large 
majority of our cases, there are recorded in the literature fibromas, 
fibrolipomas and enchondromas. Although pathologically distinct 
from adenomas they are similar to them in their mechanical effects 
and symptoms. 

The cases which we herewith report are summarized in the follow- 
ing table: 


Table 1.— Semmaky of 17 Benign Tumors op the Bronchus. 


Case No. 

Age. 

Sex. 

Type of tumor. 

Duration. 

1 . . . 

. 28 

M 

Fibroma 

1 year 

2 . . . 

. 35 

F 

Adenoma 

13 years 

3 -. . . 

. 18 

F 

Adenoma 

5 “ 

4 . . . 

. 26 

M 

Adenoma 

3 “ 

5 . . . 

. 28 

M 

Inflammatory polyp 

9 months 

6 . . . 

. 48 

M 

Fibrolipoma 

1^ years 

7 . . . 

. 47 

F 

Adenoma 

5 “ 

8 . . . 

. 30 

P 

Adenoma 

11 

9 . . . 

. 64 

M 

Adenoma 

30 “ 

10 . . . 

. 35 

M 

Inflammatory polyp 

5 months 

11 . . . 

. 54 

F 

Adenoma 

3 years 

12 . . . 

. 62 

F 

Adenoma 

6 months 

13 . . . 

. 32 

P 

Lymphoma 

1 J years 

14 . . . 

. 48 

M 

Adenoma 

2 weeks (?) 

15 . . . 

. 35 

M 

Adenoma 

(?) 

16 . . . 

. 32 

M 

Adenoma 

7 years 

17 . . , . 

. 35 

F 

Adenoma 

2 " 


The cases are almost equally divided between males and females. 


Age. 


Table 2. — Age Incidence. 


No. of oases 


10 to 20 years .... 1 

21 to 30 “ 3 

31 to 40 "... . 7 

41 to 50 “ 3 

51 to 60 “ 1 

61 to 70 “ 2 


It will be seen that two-thirds of the cases occur before the age of 
40 years. 

Clinical Course. The key to an understanding of the clinical 
course of tliis disease in its various forms is a knowledge of the 
mechanical effects of endobronchial tumors of this type. Such 
effects of course will be entirely absent while the tumor is still small. 
There is every reason to believe that a benign tumor, if its grovi;h 
is slow, may exist for years within a bronchus without betraying 
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its ])rescncc by any syni])loms, even congli. However, owing to its 
time during its growth there are aj)t to be reciir- 
rjDg JietnorrJiage.s from the bronchi iinnssociatcd with any other 
sjmptoms. Hemoptysis, which is most characteristic of benign 
tumors occurred in 12 of onr eases and was usually frequently 
re})eated. In a number of cases it occurred for periods of J-J- to 5 
years and in one instance it was frequently repeated for 30 years, 
in this stage of the disease wJiich may be called its nonobstructive 
phase because there is no occlusion of the bronchus, pulmonary' 
tubercidosis is usually suspected because of the hemopytsis. 

The really serious symptoms, those which are apt to bring tlie 
j)atients under observation, are due to the continued growth of the 
tumor which ultimately causes an obstruction or occlusion of a large 
bronchus. The consequences of such an obstruction are various 
and they de])end upon tlic advent of infection whicli is rarely long 
absent when a bronchus is occluded. It therefore happens tliat the 
majority of cases witli benign tumor presented themselves with 
symptoms of bronchial and pulmonary infection which had lasted 
for months or years. The essential clinical facts in our cases are 
.summarized in the individual histories at the end of this paper. 
From these histories the following facts may be derived: 

1. The first symptom may be an attack of pneumonia with or 
without pleuris}' (Cases 1, 2, 3, 4, 7). We may assume that this 
was preceded bj’ an atelectasis of the lung due to stenosis of a 
bronclius upon which the pneumonia was engrafted. Usuall}' this 
initial pneumonia subsided and was succeeded by a stage lasting 
several months to 6 years during which tliere were no symptoms 
at all or cough with blood expectoration. 

2. In 3 cases the initial symptom was a drj' pleurisy (Cases 13 
and 5) or pleuris.y with effusion (Case 6) which occurred respectively 
1 5 and 13 years before. This was followed by a period of several 
years during which there were no major symptoms. We must here 
assume that the bronchostenosis gaA'e rise to a low-grade infection 
of the lung with an inflammation of the pleura. After a variable 
lapse of time tliese cases progress to present the changes of the 
advanced stage of the disease. 

3. Purulent infection of the pleura occurred in 3 of our cases. 

It is a, direct consequence of suppurative disease of the lungs and as 
such usually is a complication of the later stages of the disease. In 
our 3 cases the existence of an underlying bronchial tumor was not 
suspected in spite of a previous history of cough and expectoration. 
The patients sought treatment because of the acute condition _ot 
the pleura which required surgical treatment. The bronchial 
tumors were discovered only at autopsy. In 1 case (Case 141, tHe 
empyema appeared to be the first s 5 Tnptom of the tumor. Althoug 
the history of only 2 weeks’ duration is open to doubt, the tact 
remains that a bronchostenosis with suppuration of the lung must 
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have been more or less latent for some time and that no major 
sj^mptoms were produced until the pleura was infected. In another 
case (Case 5), an empyema which had been drained some time pre- 
viously continued to discharge pus and failed to close up because 
of an imrecognized tumor of the bronchus. 

4. The 'inevitable termination of all cases of bronchial tumors, 
whatever then- initial symptoms, is suppurative bronchiectasis and 
suppurative or indurative pneumonitis which are always found if 
the obstruction is not relieved in time. Apparently, the atelec- 
tatic lung can resist serious infection for years. The usual history 
of these cases is that of recurring infection of the lung with periods 
of temporary improvement until finally lack of drainage leads to the 
complete picture of suppurative disease of the bronchi and lungs 
with constant cough and profuse expectoration often mixed with 
blood. It has long been noted that following even a relatively short 
period of obstruction by a benign neoplasm, the bronchi in the 
affected lobe show a marked degree of dilatation. Clubbing of the 
fingers at this stage of the disease is usually present. In isolated 
cases anaerobic infection is engrafted on the existing disease so that 
the clinical picture becomes one of lung gangrene and necrotic 
cavities originating from dilated bronchi are found in the lungs at 
autopsy (Case 13). 

Special Symptoms. Age. It will be noted that two-thirds of 
benign tumors of the bronchus occurred before the age of 40 years. 
In view of the similarity of this disease to malignant tumors of the 
bronchi and lungs, this fact becomes of some importance in differen- 
tial diagnosis, as most cases of carcinoma occur after the age of 40. 

Dyspnea. A unique form of dyspnea which may be very extreme 
due to change of posture of the patient is especially worthy of com- 
ment and may be regarded as pathognomonic of benign tumor of 
the bronchus. This occurred in Case 9. The patient observed that 
on changing to the recumbent position, his dyspnea became alarm- 
ing. This is obviously due to the ball valve action of a peduncu- 
lated tumor which is displaced from its bronchus and obstructs the 
trachea. 

Partial occlusion of a bronchus may also produce a whistling or 
sonorous sound during respiration, which may be more or less con- 
stant and to some degree localized over the affected lobe. In Case 17 
this adventitious sound disappeared when complete occlusion of the 
bronchus occurred. 

Hemoptysis. There is 1 sjmiptom of benign tumor of the bron- 
chus which is so outstanding that it deserves detailed consideration. 
In fact, it is the one symptom which is characteristic of this disease 
and is referable to the tumor itself, rather than to its pulmonary 
complications. This symptom is hemoptj^sis. 

In the first place, recurring hemorrhage may be the onlj" symptom 
for years before bronchial obstruction becomes- manifest. Even 
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cough may i)c ubsciit at this period of latency of the growth and it 
seems probable tiiat the iicnigii tumor may produce considerable 
narrowing of the bronchus without anj' cough rcsulthig, providing 
infection of the lung has not yet taken ])lacc. 

Jlcmoptysis occurred as a more or less prominent feature in 10 of 
our oases. It was commonly small in amount but in a number of 
the patients w'a^ ])rofuse. One patient bled every month in such 
large amounts that she was almost exsanguinated and required a 
number of transfusions. In 2 patients the bleeding occurred only 
at the menstrual jjeriod. If careful inquiry w'cre made it w'ould 
probably be found that hemoptysis is the initial symptom in a 
considerable i)ercentage of the cases. 

There are certain features of the bleeding wdiich distinguish it 
from hemorrhage due to other causes in the chest. The hemoptysis 
is very apt to occur suddenly without any ^earning and unassociated 
with other syinjitoms of pulmonary or bronchial disease. What is 
more striking is that the bleeding may cease just as abruptly wnthout 
any subsequent period of streaking or staining of the sputum as is 
commonly the case when blood is derived from actual disease of the 
lungs. 

One may e.xplain this in the following way. Hemorrhage from 
benign tumors occurs in a main bronchus and the blood e.xiides 
from very small submucous vascular spaces. It is probable that 
bleeding of this character is slow' and that the blood is expectorated 
before it can pass dow'n into the smaller bronchi. This is further 
prevented by the presence of the occluding tumor below' the point 
of bleeding. All of the blood is therefore promptly e.xpectorated 
and little or none is aspirated into the smaller tubes. With a more 
brisk hemorrhage how'ever, especially w'here there is not yet a 
bronchial occlusion, it is of course possible for the blood to be 
aspirated and to undergo the chemical changes which result in 
expectoration of dark blood for some days. It is therefore charac- 
teristic of bleeding from an occluding benign tumor that the hemor- 
rhage is imexpected in its onset and, whether mild or severe, is apt 
to be equally sudden in its cessation and it is not succeeded by a 
period .during which dark or otherwise altered blood is brought up. 

In this respect the bleeding differs from that seen in actual disease 
of the lungs or the hemorrhage from a malignant new growth or 
from varices in the bronchus. 

In the stage of bronchial occlusion with pulmonary infection the 
expectorated blood may be either pure or mixed with mucus and pus. 

Roentgen Exaahnation. The roentgen examination plays an 
important though indirect role in the diagnosis of benign tumors 
of the bronchi. The tumor of course is itself invisible on the roent- 
gen films. It is only when it is sufficiently large to cause an occlusion 
of a main bronchus that any changes can be observed on the roent- 
gen film. At first this consists of an area of atelectasis in the lung. 
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This is usually lobar in distribution except in the occasional instances 
when the main bronchus is obstructed. Under these circumstances 
a AAdiole lung aauII appear cloudy. The shadoAv'of a collapsed lobe 
is fairl}^ characteristic. If the collapse occurs in a lower lobe, 
especially on the left side, it may be associated AAuth an elevation 
of the diaphragm Avhich may obscure the shadow of the airless lobe. 

When infection has supervened the roentgen appearance differs 
in nowise from that in cases of chronic pneumonitis Avith bronchial 
dilatation or lung abscess. In this late stage of the disease the 
affected side of the chest is collapsed, the lung or a part of it shoAVS 
a dense infiltration and the heart and mediastinum are draAAm OA^er 
to the diseased side. Unless the clinical histoiy is available the 
roentgen appearance affords no basis for a diagnosis of bronchial 
tumor and one is at a loss to distinguish betAveen chronic inflamma- 
tory disease of the lung, malignant neAV groAvth, advanced unilateral 
tuberculosis and-finally, benign tumor of the bronchus. 

Bronchoscopy. The definitive diagnosis of benign tumor of the 
bronchus rests Avith the bronchoscopic examination. EA'^erything 
that has gone before may be suggestive or strongly presumptive 
but only the bronchoscopic demonstration of the tumor furnishes a 
certain diagnosis. Invariably the bronchoscope discloses a smooth 
globular or oA^al tumor Avhich may be sessile or attached by a pedicle 
and may thus be freely moA^able. In our series of cases the tumors 
had the folloAving situations : 


Cases. 

Right upper bronchus 1 

Right middle bronchus 2 

Right lower bronchus 6 

Right main bronchus 1 

Left upper bronchus 1 

Left lower bronchus 4 

Left main bronchus 2 


Pathologic Changes in the Lungs. The severity of the patho- 
, logic changes in the lungs bears a close relation to the duration of 
the bronchial occlusion. When, as in Case 11 , the tumor caused no 
obstruction to the bronchus there Avere no changes in the lung. 
In the cases in AAdiich there AA^as an occlusion of presumably short 
duration, simple atelectasis of a lobe Avas present associated with 
retention of bronchial secretion. This AA^as found in 4 cases (Cases 
2 , 4 , 5 , 10 ). In those patients in AAdiom the disease had existed for 
longer periods, bronchiectasis and infection and induration of the 
lung Avith their pleural complications had occurred. 

Duration. The exact duration of this disease is difficult to 
estimate because of the uncertainty of the time of its onset. The 
period of latenc;)'' is A^ariable and may be relatiA^ely long, as is eAU- 
denced by the patients in AAdiom there were repeated hemoptyses for 
years. If bronchial bleeding or symptoms of pulmonary infection 
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arc taken as presumptive evidence of a benign tumor we must con- 
clude tliat the duration of the disease varies from months to years. 
The shortest Iiistory was 5 inontlis and the longest 30 years, in the 
majority of cases symptoms pointing to the e.xistencc of a tumor were 
present for several years. 

Diagnosis. Chmcal. The diagnosis of benign tumor of the 
bronchus jircsents 2 problems, first the recognition of this condition 
in the stage before bronchial obstruction, and second, in the stage 
of bronchial occlusion. 

The Onobsiructirc Siage. Diagnosis at this time is more impor- 
tant as permanent damage to the lung has not yet occurred and 
rcmo\-al of the tumor may result in a complete cure. However, 
the diagnosis is more difficult because the physical and roentgen 
examinations are negative. A tumor should be suspected when 
there are recurring bleedings from the bronchus wliich liave the 
characteristics jireviously described. Such bleeding should at once 
imdte bronchoscopy. 

7'hc Ohsiruclivc Sirif/c. The diagnosis is of practical importance 
because the removal of the tumor may prevent the infection of a 
lung which is already collapsed; it may also cure a suppurative 
bronchitis and may even cause a pimnnonitis to subside. However, 
in the longstanding cases wJien bronchial dilatation has occurred 
or actual suppuration of the lung is present, removal of the tumor 
will not lead to permanent improvement. Tlie diagnosis rests upon 
a suggestive history of recurrent bleeding supported by the physical 
findings of obstruction of a bronchus and evidence of suppurative 
disease of the bronchi and the lungs. These latter findings are 
usuall}' demonstrated by the roentgen film. Here again, the bron- 
choscope brings the only certain proof of the e.xistence of ' a benign 
tumor. 

Microscopic. We hai^e alread.i' described the microscopic char- 
acteristics of adenomatous polypi of the bronchus. It is however, 
worthwhile to emphasize the errors in diagnosis which are like!}' 
to occur in the interpretation of the minute pathology of material 
removed through tlie bronchoscope. It has happened in several 
of our cases that tissue removed has been regarded by the patho- 
logist who did not know the clinical features of the case, as car- 
cinomatous. In Cases 4 and 16, for example,' tlie microscopic 
report was carcinoma and endothelioma, although the condition 
had existed for 4 and 7 years respectively udthout any evidence of 
invasion of the lung. In Case 16 a diagnosis of endothelioma had 
been made 7 years before. Recently a recurrence of the symptoms 
afforded an opportunity for another microscopic e.xamination which 
showed a tj^iical adenomatous pclj-p. In such cases therefore, 
especially where the youth of the patient and the long duration of 
the symptoms indicate the probability of a benign tumor, the micro- 
scopic findings must be subjected to a critical appraisal. 
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Prognosis. The prognosis of this disease follows from the pre- 
ceding observations. It is closelj'’ related to the time when the diag- 
nosis is made and depends entirely upon the removal of the tumor 
before permanent damage has been done to the bronchi and lungs. 
In 6 of our cases it was possible to remove the tumor Rnd more or 
less completely relieve the patients of their symptoms, which have 
not recurred. In 1 case the tumor was removed after 4 years. 
There has been a tendency for the persistence of atelectasis of lobes 
which have been collapsed for some time. This apparently is toler- 
ated with few or no symptoms providing the bronchus is patent. 
In 4 cases owing to the long duration of the disease with consequent 
permanent damage to the lungs there has been a persistence of the 
symptoms in spite of partial or complete removal of the tumor 
through the bronchoscope. In 1 case (Case 11), the diagnosis was 
made in the pre-obstructive stage because of bleeding. This tumor 
was so recently removed that nothing can yet be said of the final 
outcome. Two patients (Cases 7 and 13), died as the result of an 
empyema which was secondary to advanced suppurative disease of 
the lung. The diagnosis of bronchial tumor was only made post- 
mortem. Two cases (Cases 15 and 14) died, 1 after an operation 
for lung abscess and the other of a putrid empyema. Both showed 
extensive bronchopulmonary disease. The last 2 cases (Cases 16 
and 17), which have come under observation recently are still 
under treatment. Although the tumors are being removed, the 
final outcome is in doubt because of extensive changes which have 
occurred in the lower lobes due to occlusion of the bronchus. It is 
not improbable that if drainage through the bronchus can be estab- 
lished the patients may have a symptomatic cure. 

Treatment. The treatment of benign tumor of the bronchus 
consists in the removal tlirough the bronchoscope of the obstructing 
tumor. Details of this treatment are discussed by Kramer in a 
recent publication^ to which the reader is referred. The complete 
removal of the tumor at once may not be possible. There is further 
a tendency in some cases for the growth to recur after an interval 
of years. In Case 16 this interval was 4 years, during which the 
patient remained in perfect health. The pulmonary complications 
of this disease may require surgical treatment such as the drainage 
of empyemas or suppurative foci in the lung. It should be especially 
noted that in cases of empyema of obscure origin, the possibility 
of an obstructing tumor of the bronchus should always be considered 
when there is persistent discharge of a sinus. 

We append a short history of our 17 cases : 

Case 1.— S. S., aged 28 years. Male. September, 1920. 

Histoiy. “Grippe” 1 3 'ear ago. Pneumonia with left pleurisy 8 months 
ago. Since then constant cough with expectoration and dj'^spnea on exer- 
, tiqn. Eight weeks ago a recurrence of left pneumonia; for 3 weeks daily 
chills and fever. 
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KrnmnnfiorK Left clicsfc sninllcr; left Imig posteriorly dullness with 
absent brcafiiiiiK over lower lobe. Clubbing of the fingers. Chest asnira- 
tiye neptive, reinpcraturo continued dail}- tiji to 101® F. until November, 
wlien bronchoscoiry was performed. Two centimeters from bifurcation 
tlie lumen of the left bronchus was cIo.scd by a smooth, round mns .5 covered 
by normal mucosa. It was attached to the outer wall above the opening • 
of the upper branch and filled the lumen of the main bronchus almost 
comidetely. Pus i.ssuod from behind the tumor. After removal of the 
tumor the patient made a complete recovery, so that by December 22 all 
shadows had di.sappearcd from the Boentgen film. The latter had pre- 
viously shown a dense shadow of inflamed, collapsed lung’Avitli displacement 
of the mediastinum to the left. 

C.\SK 2. — A. Do G,, aged 36 yeans. Female. Ychruary, 1929. 

Ihslonj. I?i"ht-.sided plcuri.sy with elTu-sion 13 years ago. Was ill for 
3 months wiUi fever. Nine years ago had “grippe” which was repeated 
three times since. One 5 'car ago there was a gush of 3 ounces of briglit red 
blood from the month. This was at the time of her menstrual period. 
Since then she had two similar attacks, also at her menstrual period. 
Bleeding began and sto))j)cd abruptly. During ibis time the patient had 
frequent colds m’tli pain.s in her right chest on breathing. 

Examination. Signs of an infiltration over tlic right middle lobe with 
atelectasis. Tiiickcning of the pleura at the right base. 

Bronchoscojjy; Showed a round mass covered with mucous membrane 
in tlic right middle bronchus, entirely occluding it. Specimen removed 
sliowed microscopically adenoma. After comjdetc removal of the tumor 
patient remained well. 

Cask 3.— N. MacQ,, aged 17 years. Female, December 25, 1925. 

- llistorii. During the previous 5 years she had frequent hemoptyses 
(perhaps 100) of 1 to 5 ounces of blood. These were at first more severe 
in the winter time when she had a severe cough. Since then they also 
occured in the summer. They usually occurred at the menstrual period. 
Frequent nightsweats. Two months ago she had fever for 2 days and was 
told she had pneumonia. For 2 weeks patient felt warm in the afternoon. 

No loss of weight. 

Examination. Patient well nourished and did not look ill. The whole 
right low'cr lobe was flat, vdth distant breath sounds and absent fremitus. 
Clubbing of fingers. 

Bronclioscopy: Showed a tumor occluding the right lower bronchus, 
which bled easily'. Microscopic c.vnmination showed an admoma. Tumor 
could not be remoA'ed because manipulation caused alarming hemorrhage. 

Patient was obser\'ed for 3 months, during winch she had profuse large 
hemorrhages and periods of high feA'er. The signs in the lung were due to 
atelectasis and infection. Patient was not improved. 

Case 4. — J. P., aged 26 3 mars. Male. August, 1926. . , ■ 

History. Began 3 years ago with pneumonia and pleurisy with effusion 
on leftside. Then developed a cough with hardly anj’' sputum. Two j'ears 
ago he Avent to Colorado as a tuberculosis suspect because of hemoptyses. 
During the last 2 years he has had seAmral fairly large hemoptyses. in 
Colorado he was declared nontuberculous. For the last 8 months cough 
Avas more persistent with dyspnea on e.xertion. No feyer, 

Examination. Signs of complete closure of the left lower bronenus. A 
loud rhoncus OA^er the left lung. Roentgen examination showed, collapse 

of left lower lobe with an elevation of the left diaphragm. _ 

Bronchoscopy: Showed an adenomatous tumor at the origm ot tne 
left lower bronchus which completely filled it. 1 , 1 . 1 , 

Subsequent Course. Patient was so much unproved by teonchoscopy 
that he refused further treatment to remoA'^e the tumor. He remamea 
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well until 1927, when he had a recurrence ,of his bleeding. In February he 
had an acute pneumonia with high fever, which subsided promptly after 
the removal of some tumor tissues through the bronchoscope. On March 
23 three radium seeds were inserted in the bronchial wall at the site of the 
tumor. 

Since then the patient has been free of cough or any other symptoms. 
Roentgen examination still shows some collapse of the left lower lobe, which 
is, however, gradually ex'panding. 

Case 5. — M. D., aged 38 years. Male. January, 1929. 

History. Pneumonia 9 months before, with high fever and right pleural 
pain. This was followed by cough and blood-stained sputum for several 
weeks. Since then constant pain in the right chest anteriorly. _ Cough 
with no expectoration. Roentgen examination showed a shadow in right 
middle lobe due to atelectasis. Lung abscess had been diagnosed and a 
phrenicotomy performed. 

Bronchoscopy: Januar 3 ’’, 1929. Showed middle lobe bronchus occluded 
bj'- a graj'' lobulated tumor, 5 bj’’ 9 b 3 '' 12 mm. This was removed with 
forceps. Microscopic examination showed an infianunator 3 ’' pol 3 TD. 

Subsequent Course. For some time the patient had a persistence of his 
pain. Repeated bronchoscopy for the removal of small recurrent poLTDoid 
masses. He is now well. 

Case 6. — J. F., aged 48 3 ^ears. Male. March, 1929. 

History. In 1917 the patient had “grippe” and pneumonia and was sick 
in bed 19 weeks. For 3 to 4 years he had slight burning pain in left upper 
chest. One and a half 3 '^ears ago he began to cough and continued to cough 
with greater frequency and increasing expectoration. This continued for 
6 months, with increasing cough and so much dyspnea that he 3vas told he 
had asthma. This became so severe that he could not lie down at night. 
One year ago the patient began to spit blood for 2 or 3 days at a time. 
This would begin abruptly. This continued to the present time. 

Examination. Showed an infiltration in the mesial part of the left lower 
lobe. Marked clubbing of the fingers. 

Bronchoscopy: Examination showed a pedunculated tumor in the left 
lower lobe. Following the removal of this tumor the patient made a rapid 
recovery. 

Case 7. — B. W., aged 47 3 "ears. Female. June, 1927. 

History. The patient had pleurisy 5 3 ''ears before admission and emp 3 '^ema 
2 3 ''ears later, for which thoracotomy was performed on the right side. A 
persistent sinus remained to the present time. Cough which had been 
present for at least 3 years continued with moderate amount of blood- 
streaked sputum. A diagnosis of lung abscess was made, for which a 
collapse operation had been performed in April. In June the sinus was 
injected to determine a communication with the bronchus which could not 
be demonstrated. In Jub'-, in an attempt to split open the sinus for better 
drainage, the patient bled to death through the fistula. Among other 
clinical findings the blood and urine showed signs of a nephrosis, resulting 
from the long-continued suppuration. 

Autopsy. In the left lower lobe bronchus there was found a freely 
movable cylindrical pedunculated tumor, 21 by 6 mm. The bronchus 
distalb’- was markedly dilated and opened into a cavit 3 '’ leading into a sinus 
to the chest wall. There were numerous sacculated dilatations filled with 
blood. The hemorrhage had come from a dilated branch ofAhe pulmonary 
arter 3 ’- in the wall of one of the sacculations. 

The tumor was composed of glandular structures, separated b 3 ’’ thin 
connective tissue septa. It was an adenomatous polyp. 

Case S. — J. K., aged 27 3 ’-ears. Female. September 20, 1929. 

History. Eleven 3 ’^e_ars ago the patient had influenza followed by pneu- 
monia and pleuris 3 ^ Since then she had more or less constant cough. A few 
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times a year sputum was sliphtly bloody. She ))ad many colds. Oae 
yep po slic hcgaii to have slight dyspnea on exertion. Three months ago 
pain in the left ciiest with a great increase in the frecjucncy of cough. Con- 
stant fever up to 101° and much loss of weight. 

Examumlwn. Chronicallj* ill woman with a Imrrassing cough, with thick, 
blood-streaked s]mtum. - Trachea displaced to the left. The volume of 
the loft chest smaller than the right and moved less in respiration. Dullness 
in the upper part of the left lung increasing to flatness at the base. The 
breathing sounds in tlic ujiper lobe distant and absent at the base. Heart 
displaced to the left side. Slight clubbing of the fingers. Daily tempera- 
ture from 101° to 102°. 

Bronchoscojiy: Trachea displaced to the left side. Complete obstruc- 
tion of the main bronchus by a globular tumor mass, which bled profusely. 
This mass was situated 2 cc. from the bifurcation. 

Microscojiic examination; Adenoma. Patient refused further treat- 
ment and remains unimproved. 

C.^SE 0. — I. L., aged 64 years, hfalo. September, 1926. 

Hislory. Cough for 30 years, M-ith hemoptysis 4 to 5 times a year for 
30 years. Five years, shortness of breath and substernal oppression. 
For S months prccordial pain radiating down the left arm. Weakness, loss 
of 36 pounds and increasing dyspnea. Pain less on walking, becoming 
worse on lying domi. 

Examinniinn. The patient was poorly nourished. Profuse purulent 
o.xpcctoration. Lungs, dullness over the left upper lobe. Marked clubbing 
of the fingers. 

Bronchoscopic examination: There was a flat tumor in the left main 
bronchus near the orifice of the upper lobe branch. This tumor, was covered 
with normal mucous membrane and moved to and fro. It partly obstructed 
the left upper lobe bronchus. 

Boentgen examination showed a librotic infiltration in the left upper lobe. 
Tumor was not removed and patient was unimproved. 

Tlie interesting feature of this case was the unusual tjTDC of dyspnea 
on changing to tlie recumbent position, wliich was evidently due to the 
upward displacement of the ])edunculated tumor causing an obstruction 
of the trachea. 

Case 10. D. M., aged 36 j'ears. Male. February, 1930. 

History. Five months before admission the patient had a cough and 
coryza. Cough graduall}" became productive of small amounts of whitish 
sputum. On 6 occasions in the last 3 or 4 months he spat up 2 to 3 drams 
of blood preceded by a peculiar sensation under the sternum which dis- 
appeared after the blood was expectorated. Six months before admission 
he had bis tonsils removed. _ . , 

Examination. Well-nourished man. Signs of pneumonic infiltration over 
the right lower lobe, wth a few rales and diminished breathing. 

Bronchoscopy: Showed an irregular stenosis of the right lower lobe 
bronchus, which bled freely. Tissue removed was found to be an inflamed 
poB^p- Patient was repeated^’’ bronchoscoped and bronchus dilated after 
removal of more pob^joid tissue with gradual improvement of the symp- 
toms. When last seen aeration of the right lower lobe had improved and, 
although bronchoscopy showed a cicatrical narrowing of the . right lower 
lobe bronchus, patient was symptomatically well. 

Case 11.— I. B., aged 64 years. Female. October, 1930. 

History. Twenty years ago the patient had a heavy cold -OTtli small 
hemoptysis. Sputum negative and not considered a case of tuberculosis. 
Three years ago she began to cough and coughed each winter, bringing up 
blood on 5 or 6 occasions. Amount of blood expectorated was ? cupim, 
lasting for 1 to 2 days, followed by streaking for 1 to 2 weeks. Three weeKs 
before she had 2 hemoptj’-ses. 
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Examination. Healthy looking woman with no signs of pulmonary 
disease. Roentgen examination of chest was normal. 

Bronchoscopj'': In posterior wall of left main bronchus just above lower 
lobe branch was a soft, small mass, which bled easily. 

Microscopic examination: Although the gross appearance and the clini- 
cal history indicate definitely that this is a benign tumor, the microscopic 
examination shows some infiltration of the stroma which the pathologist 
would regard as suspicious of malignancy. This is one of the cases in which 
the pathologic data must be accepted with much reservation and the clinical 
facts should take precedence in the diagnosis. 

Case 12.— K. M., aged 44 years. Female. May, 1922. 

History. Began with upper respiratory infection 6 months before with 
productive cough which became more and more severe. Sputum was gray 
and contained no blood. 

Examination. Well-nourished woman. Constant dry cough. Lungs 
showed dullness with diminished voice and breath sounds over the right 
lower lobe. Marked clubbing of the fingers. 

Roentgen examination showed a dense pneumonic infiltration of the 
right lower lobe. 

Bronchoscopy: Three centimeters below the bifurcation the right 
bronchus was completely closed by a tumor. The tumor was covered with 
granular mucous membrane and had a benign appearance. 

Microscopic examination: Showed adenoma. 

Case 13. D. L., aged 32 years. Female. October, 1919. 

History. One and a half years ago pleurisy on the right side. Since 
then apparently well. Two weeks before she began to cough and brought 
up small amounts of purulent sputum. Following this, temperature arose 
to 102° F. She had some dyspnea. 

Examination. Well-nourished woman. Acutely ill with dyspnea and 
cyanosis. Signs of an effusion in the right chest associated with pneumonia. 

Roentgen examination showed a consolidation of the lung with multiple 
cavities and pleural effusion. 

Thoracotomy performed for empyema and large amount of pus evacuated. 
Before she died, two da3’'s later, she expectorated foul purulent sputum. 

Autopsy. There was an abscess cavity in the right lower lobe. In the 
wall of the right main bronchus projecting into the lumen there was a mass 
the size of a cherry, which almost completely occluded it. The bronchi 
distal to the mass were dilated. 

Microscopic examination: Showed the tumor to be a Ijmiphoma. 

Case 14.— C. S., aged 48 years. Male. April, 1913. 

History. Onset 2 weeks before with cough, fever and pain in left lower 
chest. Little sputum. 

Examination. Patient acutely iU with temperature 103° F. Dyspnea 
and severe cough. Signs of a pyopneumothorax on the left side. Patient 
died suddenly after operation. 

Autopsy. Showed in the left lower lobe bronchus a cauliflower tumor, 

2 cm. in diameter. The tumor was firm, not ulcerated and extended into 
the bronchial wall at its base for about 3 mm. No invasion of the peri- 
bronchial tissue. 

Microscopic examination: Showed the tumor to be an adenoma. 

Apparentl}’’ the bronchial stenosis had resulted in pulmonarj’- infection, 
vdth a secondarj'- anaerobic infection of the pleura. 

Comment. Although the duration of the spnptoms is given as 2 weeks, 
this must be doubted. 

Case 15.— J. M., aged 35 years. Male. January, 1915. 

History. A detailed historj'- was not obtained. It was known, however, 
that the patient had been coughing and bringing up large amounts of 
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punilcnt qnitum every clay, as much as 5 ounces. This had occurred for a 
considerable time. A diagnosis of lung abscess was made ancl patient 
operated upon. He died suddenly during aspiration of the lung. 

Aidopsi/. Sliowed a chronic pneumonitis of the right lung ivith universal 
extreme dilatation of all the bronchi. There was an abscess in the pleura 
between the middle and lower lobe which communicated with the middle 
lobe bronchus. In the right lower lobe bronchus there was a tumor, 2.5 cm. 
in diameter, situated 4 cm. from its origin. The tumor was smooth and 
firm. 

Microscopic examination: Showed adenoma. 

C.\se 1G. — .1. L., aged 32 years. Male. December, 1929. 

IIis(ory. Onset 7 j’cars before, with attack of “grippe” with fever and 
dry cough. Continued to have fever for 1 year with dry cough. In May, 
1925, he was bronchoscoped and a tumor found in right lower bronchus. 
The tumor was microscopically diagnosed ns endothelioma. During the 
next year he had hemoptyses cverj' 4 months of 1 to 2 cupfuls of bright red 
blood. He was then given a course of 12 treatments irith the Roentgen 
ray over the tumor. Following this for nearly 4 years he remained well 
without cough or expectoration. 

Two nights before admission to the hospital he brought up several table- 
spoonfuls of bright red blood. Bleeding became more active and onadmis- 
sion he brought up 1?. cupfuls of bright red blood with clots. 

Examinalion. Patient was well nourished. Bleeding actively from his 
bronchus. Lungs: Dullness, diminished breathing, voice and breath 
sounds in the right lower lobe. No clubbing of the fingers. 

Bronchoscopy: Showed a mass growing from the spur of the right 
main bronchus, blocking the right lower lobe branch. The mass was 
smooth and covered with a vascular mucous membrane. 

Microscopic report: Adenoma. It is obvious that the previous diagnosis 
of malignant grovTli of the bronchus was incorrect. The adenoma is now 
being removed by electrocautery through the bronchoscope. The right 
lower lobe is collapsed and probably indurated. 

Case 17.— H. F., aged 35 .years. Female. Januar}’, 1931. 

History. Two j'cars ago the patient had a sensation of pressure over the 
right lower chest anteriorly. From then until 4 months ago she felt in 
good health, but was aware, more or less constantly, of a whistling noise 
in her chest which she attributed to asthma, although she had no shortness 
of breath. Four months ago she got a sudden pain in her right chest, with 
fever and a dry cough. These symptoms have continued to the present 
time, with the addition of a small hemoptysis recently. She had no 
expectoration. . imo-p 

Examination. Well-nourished woman. Daily temperature up to 101 l?- 
Marked clubbing of the fingers. Lungs: Dullness over the right lowr 
lobe wdth much diminished breatliing. A loud rhoncus is heard over the 
entire right chest which is more or less constant. 

Roentgen examination; Showed an infiltration of the right lowerlobe 
with numerous bronchial dilatations of large size. - i . i 

Bronchoscopy: Showed a tumor completely occluding the right low'er 
bronchus which on microscopic examination proved to be an adenoma. 

The history of this case indicates that there was a tumor in the right 
longer lobe bronchus for at least 2 years, wdth probably atelectasis of the 
right lower lobe. The active symptoms of the disease began 4 montns 
before with an infection of the lung wdiich has since continued. 

We wish in conclusion to record some observations which appear 
to indicate that a benign tumor of the bronchus may undergo a 
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transformation into a carcinoma with invasion of the lung. In the 
following 2 cases, the clinical course of the disease and the patho- 
logic findings indicate that this was probablj'- the sequence of events. 

Case 18.— E. F., aged 33 j'^ears. Female. 

The clinical s 5 mptoms began in April, 1921, -with cough and expectoration 
of a small amount of blood. After 4 months of quiescence the same symp- 
toms recurred, together with some fever and dyspnea. Patient was then 
well for 6 months, when her cough returned. When first examined, in 
April, 1922, she had lost 33 pounds. She presented on physical examination 
an atelectasis of the left upper lobe. The bronchoscopic examination 
showed a compression of the left low^er lobe from wliich creamy pus issued, 
but no tumor was seen. The patient lived until the early part of 1929 
with s 5 'mptoms of suppuration of the lungs, when she finally died. At 
autops}', a pobqDoid tumor was found obstructing the left main bronchus, 
with a secondaiy suppurative disease of the left lung with multiple cavities. 
Microscopic examination showed carcinoma. 

We have here a case wdiich lasted for S j^ears and show^ed at 
autopsy a malignant tumor of the bronchus. It is not likely that 
a carcinoma of the lung could have existed all this time. The polj^- 
poid appearance of the tumor (Fig. 4) and the long history of 
proven stenosis of the bronchus with pulmonary infection can lead 
to no other conclusion than that originally and for a number of 
years therafter the tumor was a benign adenoma, and only latterly 
did it undergo a malignant degeneration at its base. 

The next case, though of shorter duration warrants the same con- 
clusion in regard to the pathogenesis of the tumor. 

Case 19. — H. S., aged 33 years. Male. February, 1928. 

History. Patient had cough every winter for a number of 5 '^ears, with 
occasional spitting of blood. Two months previously he caught cold with 
an increase of his cough and some fever. He had pain in his right chest 
for 3 weeks Mth spitting of bloody sputum. 

Examination: The patient was acutely ill with fever. Physical exam- 
ination showed a pleural effusion occupying the lower two-thirds of the 
right chest. There was some clubbing of the fingers. 

Bronchoscopic examination: Showed a bilobed round mass in the right 
main bronchus near the upper lobe branch covered with normal mucous 
'membrane and dilated vessels. In the lower part of the main bronchus 
there was an irregular granular mass. Tliis proved microscopicallj'- to be 
a carcinoma originating from the submucous glands. The patient later 
died of pulmonary hemorrhage. 

In this case the history of cough with spitting of blood for a 
number of years makes it likely that the smooth poljTpoid tumor 
which was seen in the bronchus had probably been benign and had 
existed for some time and that only recentl}'- it became malignant. 
This is further borne out on the roentgen film by the absence of any 
infiltration of the tumor into the lung. 

Our experience in these 2 cases, in which a carcinoma developed 
from a preexisting benign poljqjoid growth, is an added reason for 
the prompt remo'V’^al of these tumors. 
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Summary. Based on a study of 17 eases, we have sought to 
define a clinical picture of benign tumors of the bronchus. Our 
.study lias been concerned mainly with that form of tumor known as 
adenoma, which appears to be the commonest type encountered 
clinically. O'lie following facts are emphasized. 

1. Care must be exercised in the microscopic diagnosis of these 
tumors lest they be mistakenly regarded as malignant. 

2. Benign tumors o the bronchus probably liave a long period of 
latency during which there may be no symptoms of bronchial 
obstruction or bronchial irritation. 

3. In a considerable percentage of the cases th s period is char- 
acterized b\- repeated hcmorrliages. 

d. Aside from the .symptoms of bronchial obstruction and infec- 
tion, pulmonary hemorrhage is a frequent symptom of adenoma 
of the bronchus. This bleeding has certain characteristics which 
may suggest the diagnosis. 

o. When stenosis of a bronchus with infection of a lung has 
occurred the clinical picture may be confusing. These clinical 
pictures arc described. 

G. The prognosis of benign tumors of the bronchus depends upon 
the earl.v discovery and removal of the tumor, which may lead to 
prompt cure. When secondary inflammatory changes have occurred 
in the lung, the outlook is not good. 

7. Evidence is adduced which indicates that polypoid adenomas 
maj’’ undergo malignant degeneration. 
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THE FREQUENT OCCURRENCE OF ABNORMAL CUTANEOUS ' 
CAPILLARIES IN CONSTITUTIONAL NEURASTHENIC . 

STATES. 

By J. Q. Griffith, Jr., M.D., 

INBTHUCTOB IN MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA. 

(From tbe Medical Dhdsion oi the Hospital of the University of Pennsylvania and 
the AVilUam Pepper Laboratory of Clinical Medicine of the Umversity ol 
Pennsylvam'a.) 

In 1912 Lombard described a simple method for direct micro- 
scopic examination of the minute Amssels of the human skin. e 
rendered the superficial ' epithelium transparent by applying giy- 



Fig. 1. — Normal capillaries in a man aged 40 years. The hairpin form predominates. 



Fig. 2. Capillaries in a man, aged 65 years, nith marked arteriosclerosis. Cork- 
screw forms are frequent. The subpapillary venous plexus shows mth unusual 
distinctness. 
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cerin or cedar oil, and inspected tlie skin direetly through the micro- 
scope, using a strong, oblique light. The skin just back of the nail 
was found most suitable for observation, for there the capillaries 
course more nearly parallel with the skin surface, and are, therefore, 
visible through most of their extent. Ordinarily they are hairpin 
shaped, of fairly uniform size and arranged in parallel rows, con- 
necting the subpapillary venous and arterial plexuses. The sub- 
papillary venous plexus is superficial to the arterial, and is fre- 
quently visible. Brown^ gives the average visible length of the capil- 
lary loop as 0.42 mm., with a width of 0.007 mm. for the arterial 
and 0.009 mm. for the venous limb. Frequently loops are rotated, 
constituting the corkscrew forms. Since Lombard’s work many 
reports have been published describing capillary changes considered 
characteristic of many diverse conditions, including Raynaud’s 
disease, acrocyanosis, scleroderma, erythromelalgia, arteriosclerosis, 
nephritis, primary and severe secondary anemias, purpura, dia- 
betes, pol 3 '’C 3 i;hemia, certain neurasthenic states, and certain cases 
of idiocjL 

The engorgement and widening of the vessels in poljmythemia 
vera was well shown bj' Brown and Giffin.^-® The converse, the 
tliinning of the caliber in severe anemias, is also generally accepted. 
Probablj" the most exhaustive capillaiy studies were those made by 
Ottfried Muller with his associates, E. Weiss, Niekau, and Parrisius. 
He describes dilated fantasticallj'^ coursing capillary forms with an 
intermittent type of bloodflow in Raynaud’s disease, erythromelal- 
gia, acrocyanosis, and in certain neurasthenic states that he terms 
the “vasoneurotic diathesis.” In acrocj'^anosis the intermittencj’’ of 
flow is least marked, and there is definite capillary dilatation, espe- 
cially on the venous side. Brown® in studying a series of cases of 
Raynaud’s disease, described periods of interference with capillary 
bloodflow during typical attacks, believed due to spasm in the 
arterial system. Brown and O’Leaiy"* report two capillary pictures 
in scleroderma; the one identical Avitli Rajmaud’s disease and 
followed they belie^'e by secondary'- scleroderma; the other with 
huge dilated atonic capillarj^ loops, even large enough to be visible 
macroscopicallj'^ at times, associated with primary scleroderma. 
In diabetes, Muller and his associates have described a thickening of 
the midportion of the capillary loop, at the junction of the arterial 
and venous limbs, but this is denied bj'' most observers. The German 
investigators have seen minute capillary hemorrhages visible only 
microscopicallj^ in purpura. Powdermaker, reviewing the work of 
Hoepfner, Jaensch, Wittneben, Wej'^gandt and Kahle, and adding 
some observations of her own, describes an abnormal capillary 
picture in congenital idiots, especiallj’' common in tliose with asso- 
ciated plij’^sical maldevelopment, which she believes to be due to per- 
sistence of fetal and infantile forms. In nephritis, E. Weiss saj’-s the 
number of capillary loops is increased, and the individual vessels 
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nrc longer nnd wider tlian usual, nnd are greatly looped. This find- 
ing has not been confirmed by others. 

Under the term ‘‘vasonciirotic diatlicsis” Muller describes a 
syndrome with a clinical and a capillary part. Patients witli tliis 
condition m.-iy have any of tlie symptoms or symptom complexes 
which ordinarily lead to tlie diagnosis of neurastlicnia or psychas- 
thcnia. TJiey are persons who have belonged to this category since 
early diildhood, and arc totally unable to cope with an even mod- 
erately exacting environment Emotionalism and a subjective and 
objective vasomotor instability are prominent sjnnptoms. They 
are said to weep and blush easily, nnd their hands are cold and 
clammy most of the time, especially under stress. Their capillaries 
are disordered in arrangement, variable in size, but, most pathog- 
nomonic of all, show fantasticallj’ coursing and frequently large 
forms. The intcrmittcncy of the flow is not so marked as in Pay- 
naud’s disease, and the widening of tlie diameter is not so great 
as in Raynaud’s disease, erythromelalgia, or acrocyanosis. How- 
ever, tlie difl'crential diagnosis from the organic vascular disturb- 
ances just mentioned can best be made by the clinical historic. 
L. A. Miller® mentions the condition and states tliat he has seen 
3 sucli cases which he does not report in detail. 

In tills investigation some GOO cases were studied, including pa- 
tients in the wards and the outpatient departments of the Univer- 
sity Hospital. These patients presented a great variety of clinical 
conditions. For tlie purpose of this paper, patients witli obvious 
peripheral vascular disease or engorgement, including acrocyanosis, 
RajTiaud’s disease, polycji:hemia and scleroderma are excluded. 

Over 500 cases were studied tliat showed no evidence of organic 
peripheral vascular lesions, other tlian perhaps a sclerosis commen- 
surate with age. In 31 of these cases tlie diagnosis included a 
functional "neurasthenic” condition. Of tliese 500 cases, 8 cases 
showed a definite morphologically abnormal capillary picture. By 
that is meant that a considerable number of tlie capillaries \aewed 
in practically any field are abnormal. The clinical diagnoses were 
interesting. Two were diagnosed simplj^ as psychoneurosis; 1 as 
psychasthenia; 2 as neurocirculatory astlienia; 1 as neurasthenia 
and IiyperthjToidism (?), the (?) because the basal metabolism was 
normal though there was a slight goiter; 1 as vasomotor neurosis and 
essential hypertension; and 1 as infectious arthritis and infected 
tonsils. This last case (No. 1 in the case histories) alone did not have 
a functional diagnosis, even in part, though from the records it is 
fairly obvious that one could easily have been made. It will tiius 
be seen that all 8 cases are included in the 31 with a functional 
diagnosis in whole or in part. These cases, as will be shown later, 
fall fairly w^ell into the clinical syndrome described by Muller. 
However, it is also to be noted that 23 cases with similar diagnoses 
had perfectly normal capillary pictures. 
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Method. The light from a 500-watt lamp is cooled by passing 
through a spherical liter flask of water and concentrated by a single 
planoconvex lens to fall upon the stage of an ordinary microscope 
at an angle of about 45°. A 7.5 ocular and a 32 objective were found 
most suitable for observation and for photography. For observation 
the unprepared skin of the finger just back of the nail was covered 
with cedar oil and examined on the stage of the microscope supported 
only by the grasp of the examiner. For photography the finger was 
placed in a small wooden box gently but firmly supported with 
plasticine, the arm resting on pillows, and the box strapped with 
adhesive to the stage of the microscope. In addition, a fragment 
of a cover glass was usually placed on the cedar oil to prevent 
bubbles in the field. The capillary circulation in the area to be 
photographed was observed before and after this manipulation, and 
in no case reported did any obvious change occur. Though an 
attempt was made to choose a representative field, it was usually 
necessary to select the area opposite the middle of the nail which is 
in general the flattest area and where the greatest number of loops 
appear in a single focus. For technical reasons, considering the 
support of the hand on the stage, the ring finger was found to be 
the most convenient. Photographs were made using a Leitz camera, 
style Maccam, taking Wratten and Wainwright panchromatic 
plates, size 31 by inches. An exposure of one second was required. 

In the following case reports, all fingers of both hands were 
examined and the ring finger of the left hand photographed. All 
photographs are untouched. Magnification is X 32,i.e., 1 mm. on 
the finger equals 32 mm. on the plate. Although these photographs 
are far from being technically perfect, it should be noted that they 
are untouched and at least as good as others of their kind. They 
should not be compared with drawings of capillary loops or '‘touched 
up” photographs. 

Material. Figs. 1 and 2 illustrate normal cases. The first is of 
a man aged 40 years. His loops are overwhelmingly of the hairpin 
type. The visibility is rather good, and more than the distal line 
of loops are clearly shown. Here and there a short section of the 
venous plexus is seen, but this is not nearly so obvious as in the 
second case, a sclerotic individual aged 65 years, in whom the broad 
streamed plexus is plainly visible at the base of the loops. This 
visibility or nonvisibility of the venous plexus is purely a matter 
of individual differences, but the increased tendency to corkscrew 
forms in the distal loops of the older man is usually considered 
typical of arteriosclerosis. 

The first and second cases reported are illustrated in Figs. 3 and 4, 
while the last 6 cases are not illustrated. 

Case Reports. Case 1. — B. S., a young woman, aged 26 3 ’-ears, had 
been extremely nervous since childhood. Her hands would become ic 3 " 



1S4 


GUIITITII; CUTANEOUS CArilyUAIJIES 


cold and tremble on the slightest provocation. This emotionalism had 
imovcnted Iict from getting along in school or from holding a position 
aftenvard. Eleven months before admission, during jiregnanc)', she first 
noticed some pain in both elbows, wor.se on motion. At times her fingers 
felt stiff. This condition continued in a rather mild fonn until admission. 
Physical examination was essentially negative, except for verj- slight 
limitation of motion m the joints above mentioned. Pulse rate was not 
elevated. _ Blood count, urinalysis, blood urea nitrogen, blood Wassermann, 
gjmecologic consultation, cen’ical smear for gonococci, gonococcus comple- 
ment fixation, chest Boentgen rav — all revealed nothing significant. Joint 
Roentgen ray showed a slight thinning of interarticular cartilages of both 
elbow joints, and_ possibly slight periarticular thickening about certain 
interphalangeal joints, but no bony change anj'Avhcre. Tonsils were found 
to be diseased and were removed. Clinical diagnosis was infectious arthritis 
and infected tonsils. 

During her stay in the ward she would weep when her bed was approached 
on ward rounds, Finally in an emotional outburst she left the hospital 
against advice. Fig. 3 shows the capillaries of this patient. Tlie variation 
from the normal hairpin and corkscrew forms is strilang. The demarcation' 
between the coriurn and the epithelium shows with unusual clearness. 

Case 2. — B. L., a woman, aged 35 years, came of what she described 
as a nen’ous family. From earl 3 ' childhood she lind been emotionally 
unstable, subject to cold hands on the slightest provocation, and had been 
addicted to biting her nails. She had married and was leading a .sheltered 
life in her home. Three years before admission she had begun to suffer 
unth headaches and at times felt quite dizzy. It was found that she had 
high blood pressure. She was never incapacitated from her household 
duties which were, however, not hcaiy. During the 6 months in which 
she was followed in the ward and dispensary her systolic blood pressure 
remained at 200 or a little over, while the diastolic remained at 130 to 140. 
There was no definite sclerosis, except in the retina, where there was slight 
angiosclerosis reported. Blood count, urine, plienolsulphonephthalein 
kidney function teat, blood urea nitrogen were all within normal limits. A 
diagnosis was made of essential hjqiertension and vasomotor neurosis. 
Her capillaries are pictured in Fig. 4. Note one large, fairlj’’ straight loop 
and a netlike formation beside it. The last formation, somewhat resem- 
bling a glomerulus, is difficult to photograph because its blood channels 
do not all lie in the same plane. 

Case 3. — J. D., a man, aged 29 jmars, had always been extreme^ nervous, 
emotional and subject to cold hands and feet under slight emotional stress. 
Three jmars prior to admission he became definite^ worse, with epigastric 
distress, belching, occasional palpitation and heart consciousness, general 
nervousness and irritability. He said that when his boss called him into 
the office he felt as though something had been turned off inside him. 
Diagnoses prior to admission had been psychoneurosis, hjperthjuoidism. 

The blood pressure was 126 sj'stolic and 88 diastolic. Hemoglobin was 
98 per cent and the red blood cell count 5,400,000. , ■ i 

He was somewhat undenveight, but otherwise his general phj’'sicai 
examination was negative. Examinations of his urine, blood sugar, blood 
urea nitrogen, basal metabolic rate, blood Wassermann, gastric anab'sis, 
Roentgen rays of heart, lungs and gastrointestinal tract and electro- 
cardiogram all revealed nothing abnormal. Pulse varied between 110 and 
62, averaging about 80. A diagnosis of psychoneurosis was made. Capil- 
lary examination showed a picture very similar to Fig. 3, e.xcept that there 
were also a considerable number of large, straight loops, as seen m lug. 4. 

Case 4.— M. M., a woman, aged 27 j^ears, had never been in good healtn. 
She had been nervmus, somewhat emotional, subject to cold hands and feet 
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under stress. However, site carried on fairly well until 3 years ago, when 
she noticed increasing nervousness, irritabihty, palpitation and loss of 
weight. She was diagnosed hyperthyroidism elsewhere without a basal 
metabolism test, and treated with Roentgen ray ^vith transient benefit. 
Physical examination showed nervousness and slight thj^roid enlargement. 
Basal metabolic rates, as outpatient, +10 and +22; in the hospital, +3. 
The pulse rate varied between 60 and 100, averaging about 80. 

The blood pressure was 130 systolic and 90 diastolic. Hemoglobin was 
75 per cent and red blood cell count, 4,200,000. A diagnosis of neurasthenia 
and hyperthyroidism (?) was made. Capillary examination showed a 
picture essentially similar to Fig. 3. 

Case 5. — F. W. S., a man, aged 27 years, had always been nervous. He 
would have palpitation on anj'’ emotional excitement, and his hands would 
get cold and tremble. This dated from childhood. In December, 1929, 
he developed a slight cough and seemed definitely worse. He was happy 
in his work, and had not been subjected to any additional emotional strain, 
except a sexual one. His wife had been pregnant twice. The first child 
lived only 4 days and a second child was stillborn. His wife had been 
told that a third pregnancy would seriously jeopardize her health. For 
the past year or two the patient had been living in dread that this might 
occur. 

The blood pressure was 165 systolic and 105 diastolic. Hemoglobin was 
102 per cent, and red blood cell count 5,300,000. 

Physical examination showed a sclerosed left drum and a nasal septum 
deviated to the right. Examinations of the urine, basal metabolic rate, 
chest Roentgen ray, blood urea nitrogen, Wassermann and phenolphthalein 
test all revealed nothing abnormal. Sinus disease was found and sinus 
surgery begun. Pulse varied between 100 and 70 while in the ward, averag- 
ing close to the lower figure. A diagnosis of psychoneurosis was made. 
Essential h 3 Tjertension was suggested but not definitely diagnosed, because 
of the systolic blood pressure of 165. Capillary examination showed a 
definitely abnormal picture very similar to Fig. 3. 

Case 6. — M. C., a woman, aged 33 years, had been sicklj’^ and emotional 
since childhood. Her hands and feet were almost constantly ,pold, espe- 
cially under stress. Four years before the time of first examination she 
had been found to have diabetes and had been treated for it with diet 
and insulin, with excellent results. Her mental condition was markedly 
abnormal. She would at times have strong imperative impulses to cry 
out and make a scene. Again she would be weak with terror for fear two 
automobiles, though distant and going slowlj’-, would collide. She was self- 
conscious in crowds, and imagined people were looking at and talking about 
her. She had worked at routine factory tasks at times, but left capriciously 
when_ she took a dislike to her position. She had no definite illusions or 
delusions, and her intelligence was fairly good. The psychiatric consultant 
made a diagnosis of psychasthenia. 

Ph 3 '^sical examination and blood count were essentiall 3 '’ normal. There 
was no pulse elevation and no thyroid enlargement. Basal metabolism 
was_ not tested. Capillar 3 '’ examination showed a picture in all respects 
similar to Case 1, pictured in Fig. 3. 

Case 7. — M._ 0., a woman, aged 25 3’^ears_, who had never been in good 
health, complained of “poor circulation” since childhood, manifested b 3 ’’ 
cold hands and feet. She had alwa 3 ’^s been nervous, and worried so much 
she thought it kept her thin. Since the age of 20 3 ’'ears she had had frequent 
colds, lea^dng her vdth a dry, unproductive cough most of the time. More- 
over, she had almost constant^'- a feeling of soreness under the sternum. 

Physical examination showed an alert, slender, prematurel 3 ’’ gra 3 ’’ woman; 
right lddno 3 ’- was palpable and tonsils were diseased. Otherwise ph 3 'sical 
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cxtimitmtion was negative. Blood count, urinalysis, Wood Wassermann, 
cliost Koentgen ray, sputum examinations, electrocardiogram and basal 
inetabolisin revealed nothing significant. The orthodiagram showed a 
heart 18 jicr cent below average size. A diagnosis of neurocirculatory 
asthenia and nsceroptosis was made, and a phnr 3 mgitis suggested as cause 
of cough, 

Capiliarj’ examination showed esscntiallj'’ the same picture as seen in 
Fig. 3. 

Case 8. S. H., a_ woman, aged 28 yenrs, had led a sheltered life and was 
apparent! well until <Tuly, lf)2fi, wlien she noticed increasing nervousness, 
tremor of the hands and nervous insfabilitjL She had lost some weight, 
and her hands and feet perspired a great deal, and at times felt numb and 
tingling, but never cold. The onset of sjTnptoms followed by one j’ear the 
birth of her only child. There was, however, no previous histor 3 ^ of nervous 
strain. 

Blood pressure was 110 s 3 'stolic and 72 diastolic. Hemoglobin was 93 per 
cent and the red blood cell count 4,000,000. She had a slight tremor of the 
fingers, slighthv enlarged th 3 Toid and a tach 3 ’cardia of 140 on admission. 
Examination was othcnvisc esscntiall 3 '^ negative. Examination of urine, 
blood sugar, blood urea nitrogen, basal metabolic rate, vandenBergh, 
electrocardiogram, blood Wassermann, chest Boentgen ra 3 ’', fractional 
gastric analysis, all rm'ealed nothing abnormal. While in the ward she 
wept over tri\dal circumstances, and her pulse fluctuated widely betv^een 
140 and 70. Her nervousness practically disappeared while in the ward. 
A diagnosis of nourocirculator 3 ' asthenia and simple goiter was made. 
Capillar 3 ' examination showed a picture quite similar to Case 3. 

Discussion, A functional “neurasthenic” qualit}’’ appears to be_ 
the clinical common denominator found in tliese S patients. This 
has been present, except in Case S, from earl 3 >- cliildliood. Peripheral 
vasomotor instabilit 3 '’ is a prominent S 5 '’raptom. It is true that one 
patient has an eail}’’ arthritis, and anotlier an essential h 3 q)ertension, 
but many other patients examined with these conditions failed to 
show any morphologically abnormal capillary change. On the 
otlier hand, most of the patients diagnosed under one of the neuras- 
thenia categories showed perfectlj’^ normal capillaries. In the present 
series, some 23 such patients Avere examined and found to be per- 
fectly normal as concerns nail-bed microscopy. According to 
Muller, onset at an early age and the prominence of symptoms due 
to vasomotor instability are the twm factors most suggestive of the ■ 
S 3 ''ndrome he describes. The record of these 8 patients would some- 
Avhat support this. In the history of the other 23, with 2 exceptions, 
symptoms dated from an emotional or psychic shock and not from 
early cliildhood. Moreover, in this larger" group, vasomotor symp- 
toms were much less prominent. This difference could not have 
been due to leading questions, for in every case the same questions 
w'ere asked and the histor}^ was elicited before capillary examination, 

and never amplified later. ^ • i i 

Summary. 1. In the absence of any of the recogmzed peripheral 
vascular diseases, abnormal cutaneous capillary configurations as 
seen at the nail bed, are most apt to occur in conjunction with 
neurasthenic states. 
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2. In the present series of 31 cases of ''neurasthenia’' studied, 
S showed abnormal cutaneous capillary configurations. Of these S, 
all but 1 dated their symptoms from early life. Of the remaining 
23, only 2 had a similar early onset, the remaining 21 apparently 
being initiated later by a psychic or emotional shock, 

3. A^asomotor symptoms were universally present to a marked 
extent in the 8 with abnormal capillaries, and either absent or 
present to a lesser extent in the remaining 23. 

4. It would seem that abnormal configuration of nail-bed capil- 
laries in the absence of any of the recognized peripheral vascular 
diseases, suggests a neurasthenic state dating from early life and a 
constitutional nervous instability. 
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RAYNAUD’S DISEASE: A CRITICAL REVIEW OP MINIMAL 
REQUISITES FOR DIAGNOSIS.* 

By Edgar V. Allen, M.D., F.A.C.P., 
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The concept of the disease or disturbance first fully described bt'' 
Raynaud has varied from that held by those who deny the existence 
of such an entity, to that held by those who include under the term 
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all vascular disturbances associated with intermittent changes in 
color of the skin, and itII grades of gangrene. Tlie increasing amount 
of iiteraturc attests to the tendency to utilize the terms ’TRaynaud’s 
disease or “Raynaud's syndrome” as a general depository for a 
heterogeneous grouj) of cases far removed from the condition 
originally described by Raynaud. Frequently in the literature one 
secs the statement “a typical case of Raynaud’s disease,” yet close 
examination of the rej^ort shows no similarity of the case presented 
to one of Raynaud’s disease. The problem then resolves itself 
into this: should the diagno.sis be rcseiA'ed for a carefully defined 
condition, with characteristics sufficiently common to all cases for 
the condition to be designated as a disease, or should its boundaries 
be so extended as to include the larger and more inclusive group 
of vaso.spastic disturbances? 

This study, then, attempts to review and analyze the cases 
reported by Raynaud to ascertain his allegiance to his criteria, to 
review a group of cases from the literature for the same purpose, 
and then to attempt to decide whether Raynaud's concept of this 
coirdition- should be left unchanged or should be subject to certain 
revisions.* 

Criteria of Raynaud. The Occurrence of Gangrene Without Arterial 
Occhisioii. “I propose to demonstrate . . . gangrene affecting 
the extremities which it is impossible to explain by arterial occlusion’’ 
(page S).t “There are gangrenes without alteration of vessels” 
(page 9). “. . . The variety of gangrene which I shall discuss 
. . . the arteries remaining permeable” (page 17). “All (of 
these gangrenes) present as a common character, absence of material 
obstruction to the course of the blood” (page 31). “The pulse 
never ceases to be perceptible . . . but it may present remark- 

able alterations” (page 107). “There actually occur . . . spon- 
taneous vascular spasms, inappreciable in the great vessels, but 
very obvious in the arteries of small caliber” (page 155). “In 
symmetrical gangrene the pulsations (of the peripheral arteries) 
sometimes irregular, are ordinarily normal” (page 113). 

Symmetry of Gangrene. “A variety (of gangrene) characterized 
especially by a remarkable tendency to symmetry . . • always 
affects symmetrical parts, the trvo upper or lower limbs, or the four 
at the same time; further in certain cases the nose and ears” (page 8). 
“I have been struck rvith the remarkable tendency of the mortifica- 
tion to affect symmetrically similar extremities . . ,. symmet- 

rical parts which become affected together in a very great majority 
of cases. . . . Some (cases) deviate from the type more or 

less . . . but the tendency to localize itself at the same time 


* If similar critical analyses were carried out in various eponymic diseases, such 
confusion would be avoided, in our opinion. [Editor’s note.] _ in 

t The pages apply to the edition of Raynaud’s work to which reference is xnaae m 

the bibliography. 
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to the right and left halves of the body . . . would suffice, I 

think, to justify the titles of symmetrical gangrene” (page 98). 

The Occurrence of Local Syncope. “One or more fingers become 
pale and cold all at once; in many cases it is the same finger which 
is always first attacked; the others become dead successively and in 
the same order. The attack is indolent; the duration varies from a 
few minutes to many hours. The cutaneous sensibility becomes 
blunted, then annihilated; the fingers become like foreign bodies 
to the subjects . . . , their temperature is notably lowered” 

(page 99). 

The Occurrence of Local Asphyxia. “In the more pronounced 
cases, those in which the asphyxial symptoms predominate, the 
pallor of the extremities is replaced by a cyanotic color . . . 

sometimes it is bluish white, sometimes it is violet or slate colored, 
even becoming blRck” (page 101). 

The Occurrence of Localized Rubor. “Finally (following cyanosis) 
a patch of red is formed on the extremities of the fingers. This 
patch gives place to normal pink color, and then the skin is found 
to have entirely returned to the primitive conditions” (page 101). 

Type and Occurrence of Gangrene. “Sometimes the digits become 
entirely black and insensible, small phlyctenulse appear upon one 
digit, . . . then on another, always at the extremity .... 

The small excoriation which results from it (the phlyctenula) 
persists some days. To see this lividity, this glacial cold, one would 
believe that the gangrene was about to extend more and more; 
but the malady recedes, the parts become reanimated, the small 
ulcer cicatrizes and contracts and there results a kind of conical 
tubercle immediately subadjacent to the nail” (page 105). “In 
a general way one may say that the most profound gangrenes are 
those which go to the length of causing the fall of many ends of 
fingers or toes” (page 108). “Symmetrical gangrene is mostly 
limited to the skin or to a very small extent beyond as, e. g., to the 
extremity of the ungual phalanx” (page 113). 

“Finally ... we see gangrenous points appear on the 
extremities . . . may occupy the superficial layers of the skin 

from the extent of a pin’s head up to the end of a finger, rarely 
more” (page 153). “The termination even in this grave form 
. . . is for the most part favorable. The sloughs detach them- 
selves . . . cicatrization takes place” (page 108). 

Interinittency of Aitachs of Color Changes. “But it is . . . 
important . . . that cyanosis . . . related ... to 
an organic lesion . . . the cause being permanent, the effect 
is also . . . there are no intermissions, although this obtains 

in local asphyxia” (page 102). “The attack (of pallor) is indolent, 
the duration varies from a few minutes to many hours” (page 99). 
“The period of reaction (from cyanosis) is accompanied by ting- 
ling sensations. . . . Livid patches appear on the cyanosed 
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parts. . . . Tliis patch gives place to normal pink color" 
(page 101). 

Review of Raynaud's Cases. There is no equivocation in Ray- 
naud s statements as to tlie absence of organic arterial occlusion in 
the disease described by him. This absence of organic arterial dis- 
ease is the chief premise pre.sented by him. His entire thesis hinged 
on it. He believed, however, that diminished pulsation in the 
peripheral arteries, when _ present, was evidence of spasm. This 
doubtless allowed him to include cases of organic occlusive arterial 
disease in his two theses, for it has been shown* that organic 
disease of the digital arteries associated with vasomotor changes, 
may occur in the presence of normal or diminished pulsations in 
the usual palpable arteries; namely, radial, ulnar, dorsalis pedis, 
and posterior tibial. 

It is interesting that in the presentation of 31 cases, in Raynaud’s 
two theses, the state of pulsations in the peripheral arteries was not 
mentioned in 14 (45 per cent). If we hold to his chief premise of 
gangrene without arterial occlusion we must exclude Cases 1, 2, 4, 5, 
7, 10, 17, 20, 21, 23, 24 and 25 in the first thesis, and Cases 4 and 5 
in the second thesis, as presenting inadequate data regarding patency 
of arteries. Several of these cases are probably bona fide instances 
of Raynaud’s disease. In an additional 4 cases (Cases 3 and 12 of 
the first thesis, and 2 and 6 of the second thesis) pulsations were 
diminished or absent in the peripheral arteries. Doubtless more 
cases. could be added to this group if we included those in which 
palpation of the peripheral arteries, for pulsation, was inadequate. 
In several instances, Rajmaud wrote, “pulsations were perceptible," 
but he did not designate which arteries were palpated or whether 
pulsation was diminished. We know that gangrene due to arterio- 
sclerosis or thrombo-angiitis obliterans may occur in the presence 
of normal or slightlj" diminished pulsations in some of the peripheral 
arteries. The incomplete observations, and the failure to recognize 
diminution in pulsation as evidence of organic disease of the arteries, 
doubtless led to his statement; “The absence of arterial occlusion 
has only a negative value and also applies to diabetic gangrene" 
(page 98). 

Case 3 in Rajmaud’s first series deserves special consideration. 

A young soldier had had dropsy at the age of 16 years and had been 
short of breath thereafter. On the night of admission to the hos- 
pital numbness of the left arm developed, the radial pifise was 
barely palpable, and the extremity was white and cold. Five days 
later, a similar condition developed in the right arm. Raynaud s 
assumption that the cause of the disturbance was a functional lesion 
which extended from the capillaries to the arteries, that is, to a 
spasmodic state of the arteries, appears unwarranted. The histoiy 
of edema, dyspnea, and sudden onset of distress in first one and 
then the other arm, with diminished or absent pulsation in the 
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radial arteries, almost certainly represents arterial embolism, prob- 
ably of cardiac origin. 

It is perhaps understandable how such a brilliant investigator, 
presenting evidence of gangrene without organic occlusion of the 
arteries, could fail to record the status of the peripheral vessels, 
for some of the records were collected from the literature and the 
patients were never seen by Raynaud (page 31), Only 5 of the 25 
cases presented in 1862 were Raynaud’s own cases, but careful 
scrutiny of the records of these 25 cases indicates that he probably 
observed an additional 5, a total of 10, or less than 40 per cent 
of all cases the records of which are given. In 3 of these 10 cases, 
however, the state of pulsation in the peripheral arteries is not 
given. In the second thesis Raynaud presented 6 cases, all of which 
he observed personally; there were 2 in which absent or diminished 
pulsations were noted and 2 in which the state of pulsations was 
not given. 

If one examines closely the significance of the term gangrene as 
used by Raynaud, one finds an entirely different connotation than 
that of many later authors. Raynaud described loss of tissue local- 
ized to the ends of the digits and wrote; “Symmetrical gangrene is 
mostly limited to the skin . . . small phlyctenulae always on 

the ends of the digits , . , the most profound gangrenes (are) 

those which go to the length of causing the fall of many ends of 
fingers or toes.” He differentiated clearly (page 113) senile gan- 
grene (which is due to an occlusive arterial lesion the same as it is 
in thi’ombo-angiitis obliterans) and symmetrical gangrene of 
Raynaud’s disease; yet many cases of so-called Raynaud’s disease 
in contemporary literature are obviously examples of occlusive 
arterial lesions. The reason for this confusion must in part be laid 
at Raynaud’s door because the gangrene described in several of his 
cases varied greatly from that described in his original definition. 
In his first thesis, in Case 13 there were lesions on the heels, and in 
Case 14 the ends of some fingers, to the first joint, had been lost. 
In Case 16, there was complete gangrene of the ends of the fingers 
and toes, to the second phalanges, and amputation was necessary. 
In Case 17 dry gangrene of all fingers and toes was present; in 
Case 18, gangrene of both feet; in Case 19, ulcers on the legs and 
sloughs on the dorsum of the feet; in Case 21, all toes and many 
fingers had been lost with gangrene; in Case 22, dry gangrene 
extended as high as the elbows and as high as the anldes, and there 
was gangrene of cheeks and miliary eruptions over the body; in 
Case 23, there was gangrene of the entire left hand, shoulders, thigh, 
etc; in Case 24, gangrene of many fingers and of both feet had 
resulted in spontaneous amputation; in Case 25, both arms were 
gangrenous to the elbows. In the second thesis, in Case 6, the 
patient had suffered spontaneous loss of the toes from gangrene. 
Here, then, are 12 cases, in each of which the gangrene far exceeded 
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in degree find extent that descrilied by Raynaud as the maximal 
gang! cue wliicli might occur in the fliseasc lie was describing. In 
these 12 reports, the state oi the pulsations in the jieripheral arteries 
wfis recorded in only 2; namely, in Case 18 (first thesis) in which 
freezing as an etiologic factor could not be excluded, and in Case 6 
(second thesis) in which there was definite arterial occlusion. This 
group is comprised o^ two-thirds of the total IS cases in which 
pulsations in the peripheral arteries were diminished, absent, or not 
mentioned. They can all be excluded from any consideration of 
Rajiiaud’s disease because in 7 cases the gangrene exceeded in 
extent and severity that which Raynaud described as being char- 
acteristic of the disorder on which lie was writing and because the 
state of pulsations in the arteries was diminished, absent or not 
mentioned. 

Case 11 (first thesis) was probably an example of scleroderma 
with vasomotor cliangcs, but otherwise it meets the requirements 
laid down by Rajmaud. 

. Raynaud is hardly consistent as regards symmetrj' of gangrene, 
for he wrote that the gangrene displays “remarkable tendency to 
symmetry;” that it “always affects symmetrical parts;” that it 
involves “symmetrical parts which become affected together in 
the great majority of cases” and that “some (cases) deviate from 
the type (symmetry) more or less.” This uncertainty is well illus- 
trated, for Cases 4, 10, and 3 of the first thesis, and Case 6 of the 
second thesis present asymmetry. That all of these cases were 
authentic examples should be questioned. In Case 4 there was 
only recurrent sjmeope, and the condition of pulsations in the 
arteries was not given; cendcal rib was not excluded. In Case 10 
there was only a dry slough on the extremity of one toe, with no 
preceding changes in color. Case 3 had been discussed already as 
an example of arterial embolus of cardiac origin, and in Case 6 of 
the second thesis there wms extensive gangrene and arterial occlusion. 
There seems adequate basis, other than asymmetry, in each case, 
to exclude it from consideration as an example of the type of disease 
Raynaud described in the text of his tv'o theses. 

There remains, however, a practical certainty that the condition 
w'hich should be Icnown as Raynaud’s disease is always bilateral, 
and this conforms to our observations of more than 150 cases. 
Moreover, this bilaterality must indicate simultaneous involve- 
ment of symmetrical parts, for Rajmaud described the phenomenon 
of “(symmetrical parts) affected together” and "the tendency (of 
the gangrene) to localize itself at the same time to the right and Imt 
halves of the body.” Emphasis must be laid here on the words 
“together” and “at the same time.” Obviously it was not Ray- 
naud’s intent that the term symmetrical gangrene should apP^ 
to gangrene occurring in one extremity weeks or months b^ore 
involvement of its homologous member of the opposite side. Ihis 
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should be borne in mind when speaking of symmetrical gangrene. 
He intended the word “symmetry” to connote simultaneous sym- 
metrical involvement. It is apparent that close adherence to this 
tenet of simultaneous symmetry alone would obviate a large share 
of the confusion which surrounds the diagnosis of Raynaud’s 
disease. 

In 16 of the cases (53 per cent) presented by Raynaud in both 
theses taken together, intermittent changes in color were not 
exhibited. All of these could be eliminated on other grounds: 
asymmetry, too extensive gangrene or a failure to note the presence 
or absence of pulsations in the peripheral arteries. 


Table' 1.— Cases Reported by Raynaud Which Did Not Cohkbspond With 
THE Syndrome Described by Him.* 


Features not characteristic of Raynaud's syndrome. 



Asymmetrical 

Gangrene of 
excessive degree 

Arterial pulsations 
absent, definitely 

Intermittent 


abnormalities 

or extension 

diminished, or not 

color changes 

Case. 

present. 

present. 

reported. 

absent. 

■'irst thesis: 

1 . . . 

• • • 


Yes 


2 . . . 

• « • 


Yes 


8 . . . 

. Yes 


Yes 

Yes 

4 . . . 

Yes 


Yes 


5 . . . 



Yes 


7 . . . 



Yes 

Yes 

10 . . . 

Yes 


• • 

Yes 

11 . . . 

12 . . . 


(scleroderma) 

Yes 

Yes 

13 . . . 


Yes 


Yes 

14 . . . 


Yes 


Yes 

16 . . . 


Y'es 

Yes 

Yes 

17 . . . 


Yes 

Yes 

Yes 

18 . . . 


Yes 


Yes 

19 . . . 


Yes 


Yes 

20 . . . 


, , 

Yes 

Yes 

21 , . . 


Yes 

Yes 

Yes 

22 . . . 


Yes 


Yes 

23 . . . 


Yes 

Yes 

Yes 

24 . . . 


Yes 

Yes 

Yes 

25 . . . 


Yes 

Yes 

Yes 

Second thesis; 

2 . . , . 


, • 

Yes 


4 . . . 


. , 

Yea 


5 . . . 



Yes 


6 . . . 


Yes 

Yes ' 

Yes 


* Cases 6, S and 9 of Raynaud’s first thesis and Cases 1 and 3 of his second thesis 
corresponded -with the syndrome described by him. Case 15 of the first thesis may 
have corresponded nith the syndrome, but whether or not it fulfilled the condition 
of displaying intermittent color changes is questionable. 


Critical examination of Raynaud’s cases, then, on the basis of 
essentials laid down in the text of his theses, requires us to exclude 
(Table 1) all but 6 (Cases 6, 8, 9 and 15 of the first thesis, and Cases 
1 and 3 of the second thesis) . In addition. Cases 1 and 2 of his first 
thesis and Cases 2, 4 and 5 of his second thesis fill all the require- 
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inents for the diagnosis of Raynaud’s disease except that tlie state 
of pulsation in tlie peripheral arteries is not noted. Some of them, 
particularly Cases 1 and 2 of the first thesis, are probably instances 
of a mild type of the aflection. In Case 2 of the second thesis the 
radial artery was diminislicd in caliber during an attack of change 
in color. I his may occur when Raynaud's disease or when organic 
arterial disease is present. 

Wlien the acceptable cases arc examined to determine their 
common symptoms, it is seen that all 6 were personally obsen'ed 
by Rajmaud. Paro.xj'smal attacks of pallor, or c^mnosis, or both, 
were noted in all instances. This is important, for intermittency of 
changes in color was not used by us as a basis for accepting these 
cases as true instances of tlie disease u’hich Raynaud was describing. 
Of the 25 cases excluded as not being typical of Raynaud’s disease, 
excluded, that is, on the basis of considerations other than inter- 
mittency of changes in color, in 16 (64 per cent) intermittent changes 
in color. were not noted. In Case 1 of the second thesis, visual dis- 
turbances, Avith narroAving of the retinal arteries, were obserA^ed 
during or shortly after cA-idence of the attack as seen in the extremi- 
ties. InA'olAmracnt of tlie nose or ears by c3’anosis was observed in 
three instances (Cases S, 6 and 15, first thesis). Exposure to loAver 
temperature as the immediate cause of the attacks of cyanosis or 
pallor AA'as noted in Cases 1 (second thesis) and 6 (first thesis). 

In the 6 acceptable cases, 5 patients were women, aged 22, 27, 28, 
30 and 52 years, respectiA^ely ; the man was aged 59 years. 

Now, after a critical survey of Raynaud’s cases and the material in 
the text of his tAA'o theses, we may proceed to the definition of the 
disease named after Rajmaud. His oiAm special criteria are as 
follows: “In slight cases the fingers and toes become cold, cj^anosed 
and livid and at the same time more or less painful. In grave cases 
the area affected by cyanosis expends upAA’ard for several centimeters 
aboA’’e the roots of the nails; at the same time the nose and ears may . 
become the seat of analogous phenomena. Finally, if the state is 
prolonged for a certain time, Ave see gangrenous points appear on 
the extremities; the gangrene is alwaj^s dry and may occupy the 
superficial layers of the skin from the extent of a pin’s head up to 
the end of a finger, rarely more. That Avhich gives to this malady ite 
special feature is the remarkable symmetry Avhich the_ lesions mani- 
fest. . . . This interesting peculiarity taken with intermittency 

of attacks in many cases would in itself justify the belief that there 
exists no material obstacle to the course of the blood in the arteries. 
Here is the meat of Raynaud’s entire presratation, a definition 
which, as has been shoAvn, excludes many of his cases. Close adher- 
ence to the fundamentals laid down in this definition would eliminate 
the confusion which has existed, and the definition demonstrates 
clearly that most cases in the literature are not of a type that would 
meet the description given by Rajmaud. Unfortunately, cases 



195 


ALLEN, BEOWN: EAYNAXJD’s DISEASE 

reported by Raynaud bave too often served as models for later 
authors without due consideration of the fact that many of Ray- 
naud’s cases did not meet the fundamental tenets of his researches. 
Too much weight has been given to the words “gangrene symmet- 
rique” in the title of Raynaud’s first thesis, in spite of the fact that 
the full title reads “L’asphyxie local et de la gangrene symmetrique.” 
Raynaud later attempted a correction of this error, for he wrote in 
his thesis of 1874: “May I now be allowed to criticize the name 
which I gave the disease . . . local asphyxia and symmetrical 

gangrene are not two distinct maladies but two degrees of the same 
malady . . . the second is often absent.” 

The loose application of the term ‘Raynaud’s disease” has been 
emphasized by Cassirer, who wrote:* “Those who have reported 
cases of this kind since Raynaud, have not by any means limited 
themselves to inclusion of the important characteristics of the affec- 
tion, which were given by Raynaud. Cases have been described 
particularly by English authors, which had hardly a single charac- 
teristic in common with those originally given by Raynaud; sym- 
metry and preceding vasomotor appearances were absent; the vas- 
cular system was not intact; the gangrene occurred in the course of 
an infectious disease and spread widely and much more.” 

Raynaud’s disease in men and children is rare in our experience; 
yet it is commonly reported. In order to demonstrate the type of 
case which has crept into the literature under the title of Raynaud’s 
disease, we present a study of 25 unselected cases in men or children 
from the German, English, and American literature (Table 2). 

In these 25 cases, the condition of the pulsation in the peripheral 
arteries was not noted in 18, was normal in 1, and absent or 
markedly diminished pulsations were noted in 7 cases. Considera- 
tion of these 25 cases from the standpoint of simultaneous, symmetric 
involvement, with discoloration or gangrene, reveals the following: 
symmetry was present in 13 cases, absent in 11 cases and not noted 
in 1 case. Gangrene was present in 15 of the 25 cases but exceeded 
the maximum described by Raynaud in 10 cases. Frequently the 
gangrene had been so extensive that amputation of a leg at the mid- 
femoral region had been necessary. Cyanosis or pallor was described ' 
in 15 of the cases, of which 9 had constant changes in color and 6 
intermittent changes in color. Posture influenced the color markedly 
in 2 cases in which changes in color were intermittent. In 1 case, 
change in color appeared only when the patient was using a pneu- 

* “Diejenigen die nach Raynaud fiber derartige Krankheitsfalle berichtet haben, 
habcn sich in ihren Diagnosen keineswegs immer an diese von Rajuiaud gegebone 
Feststellung der vichtigsten Zfige der Affektion gehalten; und es sind, namentlich 
von englischen Autoren unter dem Namen Raynaudsche ICrankheit Fiille beschrieben 
vorden, die kaum nocb einen Zug mit dem ursprfinglichen Krankheits-bilde der 
Raynaudschon Affektion gemeinsam batten : da fehlte die Symmetric und die vor- 
ausgehenden vasomotorischen Erscheinungen; das Gefasssytem war nichtintakt, die 
Gangriin trat im Laufe einer Infektionskranklieit auf, dehnte sich weit aus, und 
anderes mebr,” 



SuMstAHY OF Twenty-five UnseIiEcted Cases fhom Gbiiman, Enolisii and Ameiiican LiTEnATUnn Which Wehb Phesented 
A3 Examples op Raynaud’s Disease in Men on CniLDnEN. 
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rnatic tool, in another it appeared usually in the morning, in 1 case 
it 'Was noted with exposure to cold, and it appeared spontaneously 
in 1 case. 

Many cfiscs were obviously instances of peripheral occlusii'e 
arterial disease, and in the liistory intermittent claudication had 
been noted or suggested, as well as superficial phlebitis and absence 
of pulsation in the peripheral arteries. 

^ Our tentative diagnoses, made from the histories and observa- 
tions given in the reports, are distributed as follows: thrombo- 
angiitis obliterans, 16 cases; unknown, 4; arteriosclerosis, 1; embol- 
ism, ]; vasomotor changes a.ssociatcd with rapid vibration of 
extremity while using a pneumatic tool, 1; congenital heart disease, 
1; multiple cutaneous gangrene (not limited to e.xtremities) with 
cyanosis of extremities, 1, and Rajmaud’s disease, none. 

It is admitted that diagnoses made from reports of cases, without 
the privilege of examining the patient, are subject to a high error, 
but the finding that none of these 25 cases fulfills the requirements 
laid down in Raynaud's theses is pertinent. It is admitted that some 
of tire cases simulate some of those described by Rajmaud, but, as 
previously pointed out, manj' of Raynaud's cases did not meet his 
own minimal requirements. In fact, lie characterized many of them 
as questionable or undefined types of cases. 

Comment. Since Rajmaud made his classical description of the 
disease which bears his name, further clarification has been made in 
the group of peripheral vascular diseases. Thrombo-angiitis 
obliterans lias been identified and accepted as an entity, and embolic 
occlusion of the peripheral arteries, gangrene and trophic changes 
due to medicaments are better recognized. Of significance is the 
recognition that vasomotor symptoms are more often secondary 
phenomena than primar3^ These symptoms frequently accompany 
organic disease of the arteries; hence, vasomotor disturbances only 
do not constitute a diagnosis of Rajmaud’s disease. It is admitted 
that our Icnowledge is still defective, and cases occasionally do not 
permit of accurate differentiation or classification. Such a case 
should be presented as an unusual or atypical case and not given 
the name of a condition to which it obviously does not belong. 
Some of these cases may represent new or previously undescribed 
syndromes. 

It is obvious that confusion and not advancement of knowledge is 
served by departing from the criteria stated by Raynaud. If this 
disease is to remain an entity, it must have some boundaries. 
Other explanations must be found for the cases which depart from 

the prescribed limits. - ^ u- u 

From our group of 150 carefully studied cases, in all of which 
completfe neurologic examination was done and careful notation 
of the patency of the peripheral arteries was made and reexamined 
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after long intervals, we are convinced that there is a definite primary 
disease or disturbance which can be called Raynaud’s disease. The 
minimal requirements for diagnosis are those originally stated by 
Rajmaud: (1) intermittent attacks of discoloration of extremities: 
(2) absence of evidence of organic arterial occlusion; (3) symmetric 
or bilateral distribution, and (4) trophic changes, when present, 
limited to the skin and never consisting of gross gangrene. 

Secondary criteria are as follows: (1) predilection for females, 
such that more than 90 per cent of cases appear in persons of this 
sex, and (2) absence of pain is so striking that severe pain during the 
attacks is exceptional, and its presence militates against the diag- 
nosis of a primary vasomotor disturbance of the spastic type.* 

In addition to these diagnostic requisites, exclusion of any primary 
disease that in itself can give rise to vasospastic symptoms is of 
primary importance. Arthritis, neuritis, cervical rib, thrombo- 
angiitis obliterans, arteriosclerotic disease, and other diseases, are 
at times associated with disturbances of color of the hands or feet. 
The large incidence of this disease in females makes its diagnosis in 
the male at best tentative. In our experience, in cases in whieh 
diagnosis of Rajmaud’s disease in the male has been made early, 
and in which these patients have subsequently been traced, evidence 
of organic occlusion of the peripheral arteries usually has been 
found. Likewise in cases of gangrene of greater extent than epider- 
mal gangrene; that is, gangrene involving a digit, pathologic exami- 
nation has disclosed thrombosis of the type which we recognize 
as thrombo-angiitis obliterans. In fact, gangrene in Raynaud’s 
disease is relatively rare; probably in 20 per cent of cases the patients 
suffer definite loss of tissue, and this frequently consists of minute 
excavations without symptoms. The more severe grades of gangrene 
take the form of felons or suppuration of the digits, and frequently 
are associated with sclerodermal changes in the skin of the digits. 

If the field of peripheral vascular diseases is to assume its rightful 
place among other branches of medicine, the same care must be 
manifested as that which brought order out of chaos in other fields 
and elevated them to their present high level. Adequate care in 
diagnosis is important not only from an academic standpoint, but 
from a practical standpoint as well. Inadequate examination is 
responsible for many errors in diagnosis. To diagnose Raynaud’s 
disease without determining the state of pulsation in the peripheral 
vessels is comparable to diagnosing mitral stenosis without listening 
to the heart. Unless due caution is exercised, operative measures 

* Lews has, on the basis of careful experiments, postulated that Rajmaud’s dis- 
ease does not have a vasomotor basis, but that a local fault of the digital arteries is 
the underljdng disturbance. Simpson, Browi and Adson’s work shows that in the 
early uneomplicated case, a vasomotor basis exists, but in the later or complicated 
case a local disturbance of the arteries is also present. 
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on the sympatlietic nerves, which induce a high percentage of cures 
in properly diagnosed cases, may be subjected to undue criticism 
and fall into disrepute. 

- Conclusions. Raynaud described a clinical syndrome which 
justifiably bears his name. His requirements for diagnosis are 
valid and are borne out by our studies of more than 150 cases. 
These requirements arc: (1) Gangrene or trophic changes limited 
in a large degree to the skin; (2) symmetrical or bilateral involve- 
ment; (3) absence of e'i’idcncc of occlusive lesions of the peripheral 
arteries, and (4) intermittent attacks of changes in color which 
usually precede the trophic changes by months or years. 

]\fany of the cases reported by Raynaud were not illustrative of 
the condition described by him, as is usually the case with epon5Mic 
diseases described many years ago. They did not fulfill the minimal 
requirements. The use of these cases as models by many subse- 
quent authors has led to a high percentage of erroneous diagnoses. 

Study of 25 cases reported in the literature as Raynaud’s disease 
shows that none of them fulfills the necessary requirements for such 
a diagnosis. These cases are characterized by failure to adhere to 
Raynaud’s basic requirements, and inadequacy of examination of 
patients. Many of the cases are obviously examples of thrombo- 
angiitis obliterans. 

Accurate diagnosis in peripheral vascular disease is essential if 
treatment is to be properly evaluated. 
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ERYTHREMIA AND MYELOGENOUS LEUKEMIA, 
REPORT OF CASES PRESENTING ASPECTS OF BOTH DISEASES. 
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(From the Medical Clinic and the Department of Pathology of the Peter Bent 

Brigham Hospital, Boston, Mass.) 


While there is generally little difficulty associated with the 
diagnosis of erythremia, there are cases reported in the literature 
which present a composite picture of both polycythemia and myelo- 
genous leukemia. In these instances it is often exceedingly difficult 
to make a differential diagnosis. Indeed the answer is, more often 
than not, in doubt until after the postmortem examination. 

Pendergrass and Pancoast, ^ Minot and Buchman,® Harrop^ and 
A, Horstrup^ have reviewed the literature and considered the signifi- 
cance of the composite picture of polycythemia and myelogenous 
leukemia. 

The first case is reported because of the unusual blood picture, 
the course during treatment, and the postmortem findings. Besides 
36 cases of myelogenous leukemia and 11 cases of erythremia 
appearing in the records of the Peter Bent Brigham Hospital, 
there are 4 others which combine features of both diseases. The 
records of these also are presented briefly. 

Case Reports, Case 1. — ^W. J. G. (P. B. B. H. Med. 36155), aged 50 
years, white, single, Canadian-American, refrigerator engineer, entered the 
hospital December 20,. 1929, complaining of pains in the knees, calves and 
feet of 4 months’ duration. Twenty years before admission he suffered a 
depressed fracture of the skuU, from which an uneventful recovery was 
made. Four months before entry the patient’s knees became painful, 
red and swollen. Shortlj'’ after, an enlarged spleen was found. Three 
months before admission the right foot became painful, and numbness was 
noted in both feet for the first time. The numbness gradually extended 
upward to the knees. With it, he began to have shooting pains extending 
from the toes and feet into the calves of both legs. These were worse at 
night. Walking caused the soles of liis feet and the lateral aspects of both 
knees to pain. Since the onset of the present illness he has lost 30 to 40 
pounds, weighing 127 pounds on admission. 

Physical examination revealed a well-developed, undernourished, white 
male. He was mentally clear. The face had a florid, erythremic appear- 
ance with a suggestion of right facial weakness. The lips, nail beds and 
tongue were slightly cyanotic. The skin was warm and florid. There was 
a small, irregular depression in the left parietal region of the skull. The 
fimdi were not unusual; the vessels were not turgid, nor the retina more 
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colored than normal. The diaphragm was high on the left side, giving 
dullness at the base of the lung in front, back and n.villa, approximately 
2 interspaces liighcr than normal. Posteriorly there were medium, crepitant 
rales at the loft base on deep inspiration. Stereoscopic lloentgen ray 
examination showed the Jung.s to be clear. The diaphragms were dome- 
siiaped, wth the left diaphragm limited fluoroscopicaliy. Stereoscopic 
Roentgen ray ^examination of the lumbar spine and pehds revealed no 
abnormality. The heart and peripheral vascular S3'’stom were not remark- 
able. The blood pressure was 120 systolic and 90 diastolic. The entire 
left half of the abdomen was filled nith a firm, nontender, smooth mass, 
presumablj’' the spleen, which pushed up the diaphragm, extended down 
below tlie anterior superior spine of the pehds and a short distance across 
the midline to the right. The liver did not appear enlarged. There was no 
IjTnphadenopathj’. The reflexes were normal. Hyperesthesia of the soles 
of both feet w'as present. Using a G-IS tuning fork, idbratory sensibility 



Chabt I. — Case 1. VarjationB of blood elements in relation to treatment. 


was lost in both legs but present in both iliac crests. Position sense, pam 
and touch seemed normal in both legs. There was no ataxia. 

The urine occasionally showed a few hyalin and finely granular casts. 
The specific gravity ranged between 1.014 and 1.018. The phenolsulphone- 
phthalein test gave an excretion of 60 per cent in 2 hours and 10 minutes 
in 300 CG. of urine. The siool examination was negative. _ Gastric analysis, 
using the Ewald test meal, revealed no free hydrochloric acid, and total 
acidity ranging between 15 and 22 units of 0.1-N sodiiun hydroxid in 
specimens of a fractional test._ There was a positive benzidin reaction for 
occult blood in 4 of the 5 specimens. , , , . 

Blood Studies. The Wassermann, Hinton and modified Hinton reactio^ 
were negative. Blood culture was negative. Clotting time by the 6-tube 
method was 15 minutes .(normal control 6 minutes). The blee*^ tune 
was minutes by the method of Duke. Platelet count was 740,000 (Wright 
and TChmicutt method) . Fragility test: beginning hemolysis m 0.46 per cent 
NaCl; complete hemolysis in 0.28 per cent at the end of 2 hours. At me 



Fig. 1. — Case 1. Bone-marrow from femur. The section shows congestion of the 
marrow, scarcity of fat, hyperplasia of erythropoietic and leukocytic elements, and 
numerous megakaryocytes. X 300. 



Fig. 2. — Case 1. Spleen. Congestion and diffuse fibrosis ■with prominence of 
trabecula; and diminution of the lymph follicles is shown. The dark area at the 
left represents hemorrhage. X 110. 
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end of 10 hours: beginning hemolysis in 0.50 per cent; complete hemolj'-sis 
in 0.28 per cent. Normal control: beginning hemolysis in 0.46 per cent; 
complete hemolysis in 0.30 per cent at the end of 2 hours. After 10 hours, 
beginning hemolysis in 0.46 per cent and complete hemolysis in 0.38 per 
cent. The variation in hemoglobin, red cells, white cells, and icteric index- 
in relation to treatment vdth phenylhydrazine and Eoentgen rays are 
depicted on the chart. 


The hematocrit findings were as follows: 


R. B. c. 
count. 


Cells, 
per cent. 


Plasma, Indiv. cell vol. 
per cent. 10-11 cu.cm.. 


December 22 . . . 7,585,000 

December 26 . . . 6,900,000 

January 3 . . . . 7,900,000 


53.3 

46.7 

7.1 

52.8 

47.2 

7.6 

5.3.8 

46.2 

6.8 


The differential blood counts and the results of the study of the blood 
smears are summarized in Table 1. 

Clinical Course. On admission the patient’s temperature was 98.8° F. 
and the pulse rate was 65. On the evening of December 23 the patient’s 
temperature rose to 99.5° F. The next morning it was normal. He was 
given the first dose of 0.1 gm. phenylhydrazin. That evening the tempera- 
ture began rising, reaching 102° F. on December 25. There was no jaundice 
nor rise in the icteric index. By December 27 the temperature had returned 
to 99° F. and the administration of phenjdh 3 '-drazin was resumed without 
untoward effects. The excruciating pains in his knees and calvTs, com- 
plained of on admission, continued. On account of the fall in hemoglobin 
and red count the phenyllij’-drazin was discontinued for a week, beginning 
January 1. Beginning about Januarj’’ 17 it was noted that the pain in his 
legs was abating. During the course of treatment ivith phenjdhydrazin it 
was noted that the florid, erythremic appearance was gradual! j'- disappear- 
ing, giving waj’’ to a progressive pallor. The spleen showed a definite 
decrease in size, although on January 23 it was still below the umbilicus. 
On January 23 a course of Roentgen ray therapy was commenced. This 
consisted of a maximum suberythema dose over the splenic area anteriorlj'’ 
and posteriorly. This is calculated as 750 “r” measured in air with a Duane 
ionization chamber, and is given in 6 divided doses of 250 “r” each on 6 
successive da 3 '^s. On Januar 3 '' 29, after having received the course of 6 
Roentgen ray treatments, he suddenly became mildly disoriented. He 
complained of excruciating pains shooting down his legs and began having 
seizures of generalized trembling, spasmodic movements and stiffening of 
the entire body. These attacks continued for 24 hours. The suggestive 
right facial weakness found on admission became more pronounced. His 
pulse gradually became slower and weaker and on the evening of January 30 
he died. 

Postmortem Examination. The general appearance of the body was 
essentiall 3 ’- normal. The heart weighed 360 gm. and was essentially normal. 
The lungs showed moderate congestion and edema, obsolete tuberculous 
lesions at both apipes, but no evidence of bronchopneumonia or emphysema. 

The spleen weighed 1220 gm. Its consistenc 3 '’ was ver 3 '- soft. The 
capsule was thickened, smooth, moist and glistening, with numerous irreg- 
ular, firm, 3 -ellow areas, representing old infarcts. The parenchyma was 
soft, pultaceous and of a uniform dull-red color vdth a tinge of pale gra 3 -, 
suggesting the color of ordinary red brick. No characteristic splenic mark- 
ings were recognizable. On microscopic section (see photomicrograph) the 
spleen showed primarily fibrosis, congestion with scattered areas of hemor- 
rhage and infiltration with abnormal 431)03 of cells. The Malpighian cor- 
puscles were completel 3 '- obliterated 1 ) 3 '^ the congestion and diffuse over- 
growth of connective tissue. Rarel 3 - a cluster of ] 3 Tnphocytes was seen 
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near a central artery, representing the remains of an old splenic follicle. 
The trabecula} were more prominent than usual due to the increase in 
connective tissue. The central arteries were sclerotic and not easilj'’ found. 
The infiltration of abnormal blood cells was the most significant feature 
of the microscopic picture. There Avere myeloblasts, _ neutrophilic and 
eosinophilic inyelocjdes, mature neutrophils, eosinophils and nucleated 
red blood cells. There were also many macrophages, endothehal leukoc3'-tes 
and a few large cells resembling megakaryocytes. The abnormal cells 
tended to occur in clusters or in small focal areas. Er3'-.thropoiesis was not' 
a prominent feature. 

The liver weighed 2255 gm. The gross appearance of the organ and 
capsule was normal. The cut surface showed a striking fine granularity. 
The parench3Tna was softer and more friable than normal. There Avere no 
Avhite spots indicative of leukemic infiltration. Sections of the liver shoAved 
marked congestion and infiltration of a few periportal spaces by l3anpho- 
cytes, plasma cells and an occasional eosinophilic myelocyte. The dilated 
sinusoids and portal areas contained small numbers of leukocytes, resembling 
mostly neutrophils and m3''elocytes. There was, however, no typical 
leukemic infiltration, but an occasional island of erythropoiesis Avas seen. 
No mitotic figures Avere seen among the myeloid cells. In seA'-eral periportal 
areas the connective-tissue stroma Avas increased and spread peripherally 
replacing parench3mia. Around the central veins there Avas, in some 
instances, a slight degree of fatt3'’ infiltration. There Avas no inflammatory 
reaction an3nArhere. The parenchyma was on the Avhole well preserved and, 
despite the congestion, the characteristic liver cords and lobules Avere 
distinctl3'- seen. The gall-bladder Avas normal. 

The th3Toid gland, pancreas, gastrointestinal tract and pelvic organs 
shoAved engorged bloodvessels but Avere otherwise normal. The right 
kidney Aveighed 180 gm., the left 160 gm. The3'’ appeared normal. The 
sections showed no abnormalities nor evidence of leukemic infiltration. 
The adrenals Avere smaller than usual but were of normal shape and con- 
sistency. In one adrenal a small deep, broAvnish-red patch, Avhich resembled 
a hemorrhage, was noted. Section of the adrenal glands shoAved several 
clusters of leiikocytes composed of l3’'mphocytes, plasma cells and young 
blast cells, possibly of the myeloid series. These groups of cells, situated 
in the medulla, Avere larger than those found in the liver and Avere more 
suggestiA’’e of a true leukemic infiltration. The bloodA^essels Avere con- 
spicuous OAving to congestion. 

The bone marrow from the femur, vertebra}, ribs and calvarium was 
hyperplastic and dull reddish-gray in color. On section (see photomicro- 
graph) the bone marrow appeared congested. The bone spicules seen 
shoAved no degeneration nor defect in calcification. Onl 3 '- occasional fat 
cells AA^ere seen AAuthin the marroAV. Numerous small clusters of cells Avith 
h3T}erchroinatic nuclei and basic to eosinophilic c3'’toplasm representing 
areas of hematopoiesis AA^ere seen. Likewise there were numerous areas of 
m3'^elocytes and their deriA’^atives, Megakaryocytes were numerous and 
actiA'-e. Eosinophils appeared to be present in greater number than in 
normal bone marroAV. The liistologic appearance was, however, not that 
which is usuall3'- found in leukemia, in that the myeloc3d;e element was not 
excessive. To AA'hat extent, if an3'-, the changes in the bone marrow have been 
influenced by pben3dhydrazin and radiation is difficult to say. 

The pathology of the brain was that of a diffuse hemorrhage into the 
subarachnoid space. The extraA^asation of blood was largely confined to 
the superior, lateral and medial aspects of the lobes of the cerebrum and 
cerebellum . There were no Ausible thrombi in the A’-essels. IMost of the blood 
AA’as found in the sulci and was of such diffuse distribution that it probabty 
originated from the capillar3" bed. The arteries shoAved less sclerosis than 
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is generally found at the patient’s age. There was a slight pressure cone 
on the inferior surface of the cerebellum. The Ycntricles were not dilated 
and they contained no blood in their cavities. The pons, medulla and 
. cerebellum showed no hemorrhages into their substance. There were 
degenerative changes in many of the nerve cells of the cortex, but none were 
noted in the fiber tracts. Tlie spinal cord showed massive hemorrhage into 
the subarachnoid space, similar to the brain, associated with which was 
edema and congestion of the cord and membranes. 

Summarij of Pathology. The pathologic picture was that of polycidhemia 
with a terminal generalized subarachnoid hemorrhage of the brain and cord. 
The spleen lyeighcd 1220 gm. and showed old infarcts, congestion, fibrosis 
and infiltration with abnormal cells. The bone marrow showed slightlj' 
greater hematopoiesis than normal, but there was no leukemic response on 
the part of the marrow. None of the organs, except possibly the adrenals, 
showed cellular infiltration suggestive of leukemia. 

Cask 2. — F. P. (P. B. B. II. Med. 4444). A female, aged C6 years, entered 
the hospital coiniilaining of a mass in the abdomen of 3 years’ duration. 
Physical examination showed the general appearance suggestiv'e of poly- 
cjTliemia, and an enormous spleen which filled the entire left side of the 
abdomen. Four blood examinations revealed an average red count of 
4,003,000 (4,700,000 to 5,550,000) hemoglobin of 133 per cent (132 to 138) 
(Note. — 'I'hese e.xcessir'cly high hemoglobin figures are questioned.) ^Miite 
count of 20,000 (20,100 to 21,700) and differential of poljTnoiphonudears, 
81 per cent; Ijmnphocytes, 1 per cent; monocjdes, 14 per cent; eosinophils, 
2 per cent, and basophils, 2 per cent. The smear showed 1 megaloblast 
and* slight anisocytosis and poikilocytosis. The basal metabohe rate was 
50 per cent above normal. Following discharge the patient lived 2 years. 
During the first year she received 22 Roentgen ray treatments over the 
■spleen. Despite this treatment her red cell count mounted progressively, 
reaching a peak of 13,064,000 nine months after discharge. The hemo- 
globin varied between 05 and 132 per cent. The white count fluctuated 
between 12,000 and 24,000. Toward the end of the first j’’ear after discharge 
the red count began falling rapidly. Roentgen ray treatment was stopped 
but the red count continued to decline. The white ceU count remained 
between 14,000 and 27,000. The differential count continued to show only 
a few myeloc 3 'tes. Before death the counts were: red cells, 3,580,000; 
leukocytes, 28,000; hemoglobin, 68 percent; differential cell coimt: poly- 
morphonuclears, 37 per cent; jmung pDljunorphonuclears, 30 per cent; 
lymphocytes, 18 per cent; large monocytes, 8 per cent; basophils, 2 per cent; 
mjmlocjdes, 5 per cent. Autops}*^ revealed tj-pical myelogenous leukemia. 

Case 3. — (P.' B. B. H. Med. 21587). A male, aged 37 years, entered the 
hospital because of swelling of the abdomen and pain in the left upper 
quadrant of 3 years’ duration. Physical examination revealed emaciation, 
shifting dullness in the abdomen and the spleen 3 cm. below the costal 
margin. There was no erj'^thema or cyanosis. Blood studies revealed 
hemoglobin, 126 per cent; red count, 6,430,000; white count, 49,000 with a 
differential of poljmioiphonuclears, 88 per cent; Ijonphocytes, 4 per cent; 
myelocytes, 8 per cent. The smear showed normoblasts and many immature 
leukocjdes. The patient died 3 days after admission. Autopsy was not 

obtained. , , 

Case 4.— J. M. (P. B. B. H. Med. 7241). A wlnte male, aged 61 3 'ears, 
entered the hospital because of a sense of pressure and swelling in the region 
of the spleen of 4 months’ dmration. Physical examinationed shown an er 3 ali- 
ematous appearance to the face and generaUzed adenopathy with several 
small firm nodes in the anterior axil]ar 3 ' line. The spleen '^as loem. 
below the costal margin. Before treatment the hemoglobin ranged bejween 
95 and 125 per cent, averaging 107 per cent, the red count was 5,S86,wu 
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and the white count was 26,000. The differential showed 71 per cent 
pol 5 Tnorphonuclears, 6 per cent IjunphocsTes, 7 per cent monocytes, 11 irer 
cent eosinophils, 5 per cent mast cells. The smear showed slight achromia, 
anisocytosis and a few macrocytes. Biopsy on one of the Ijrniph nodes 
was reported as Ij'^mphoblastoma. 

After receiving 78,688 millicuries of radiation over the splenic area, the 
spleen decreased slightlv in size but the liver increased to 10 cm. below 
the costal margin. Under treatment, myelocytes began to appear in the 
blood stream. The hemoglobin fell to 80 per cent, the red cells rose to 
7,360,000 and the white blood cells rose to 38,000. The average differential 
showed 62 per cent polymorphonuclears, 12 per cent l 3 Tnphoc 3 ’'tes, 4.3 per 
cent monocytes, 14.8 per cent eosinophils, 0.5 per cent basophils, and 5.5 per 
cent myelocytes. The patient died 3 months after admission. Before death 
the white count had fallen to 15,000 and the red count to 3,7 50,000. Despite 
the biopsy report of Ij^mphoblastoma, a final diagnosis of chronic mj’-elo- 
genous leukemia was recorded. 

Case 5. — M. J. C. (P. B. B. H. Med. 37743), aged 45 years, wliite, single, 
Irish-American, woolsorter, entered the hospital because of severe abdom- 
inal pain of 4 days’ duration. For 12 j'^ears the patient has had vague, 
intermittent, dragging upper abdominal pain relieved by soft and bland 
foods. Two years before admission, Roentgen raj’’ examination showed a 
duodenal ulcer. Four daj'-s before admission the pain became unbearably 
sharp and aggravated by exertion. 

Physical examination showed the appearance of the skin and mucous 
membranes characteristic of polycythemia. There was increased resistance 
and tenderness in the left upper quadrant of the abdomen where a firm 
mass extending tliree fingers’ breadth below the costal margin was felt. 
The patient’s temperature was elevated to 100° F. 

Laboratory Studies. Roentgen ray studies of the gastrointestinal tract 
showed the stomach displaced to the right with pressure narrowing of the 
fundus, possibly due to an enlarged spleen. The duodenum showed a con- 
stant deformity suggestive of an ulcer. The urine and stool examinations 
gave negative findings. The Wassermann, Hinton and modified Hinton 
blood tests were negative. Gastric analysis after the Ewald test meal showed 
a maximum free acidity of 100 units of 0.1-N sodium hydroxid and a maxi- 
mum total acidity of 130 units. The blood sugar was 101 mg. per cent., 
blood urea nitrogen, 21 mg. per cent; blood uric acid, 3.2 mg. per cent (old 
method); blood uric acid, 2.8 mg. per cent (new method); blood creatinin, 
1.4 mg. per cent; blood phosphate, 4.3 mg. per cent; total proteins, 7.5 per 
cent; blood albumin, 4.4 per cent; blood globulin, 2.1 per cent; blood cal- 
cium, 10.6 per cent. Hematocrit cells, 61.2 per cent, plasma, 38.8 per cent; 
individual red blood cell volume 6.2 by 10"“ cc. The reticulocj’tes varied 
between 0.8 per cent and 1.6 per cent. Red cell fragility gave beginning 
hemolysis in a 0.38 per cent sodium chlorid solution. Hemolysis was not 
complete in a 0.28 per cent solution after 2 hours. The icteric index was 6. 
The bleeding time by the method of Duke was 1 minute and 30 seconds, 
the clotting time (capillary method), 2 minutes and 15 seconds. Platelet 
count was 320,000 (l^Tight and Kinnicutt method). Blood counts were 
as follows: 

October 2; Jfemoglobin (?) 75 per cent (Tallqvist); red cells, 7,700,000; 
leulvocytes, 31,700. Differential: poljnnorphonuclears, 86 per cent; Ij’^mpho- 
cytes, 8 per cent; eosinophils, 3 per cent; myelocytes, 3 per cent. Red 
cells showed sUght achromia. Platelets normal. 

October 3: Hemoglobin, 158 per cent (Sahli); differential: polymorpho- 
nuclears, 88 per cent; Ijmrphocjdes, 5 per cent; large monocj’tes, 1 per cent; 
eosinophils, 1 per cent; basophils, 1 per cent; myelocj'tes, 4 per cent. Red 
cells normal. 
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October 5; Red cells, 8,010,000; leukocytes, 31,500. 

October S: Hemoglobin, 155 per cent (Snlili); rod cells, 9,400,000; 
leukocytes, 28,500. . > > > > 

October 11; Red cells, 8,550,000; leukocytes, 45,500. Differential: 
poljTnorplionuclears, 91 per cent; Ijmipbocytes, 5 per cent; large mono- 
cytes, 2 per cent; eosinophils, 1 per cent; basophils, 1 per cent. Red cells 
normal. 

October 17: Leukocytes, 44,000. 

Cfimcal Course.^ Tiic patient was placed on the Sipp}' regime. He 
continued to vomit and complain of increasing left upper quadrant pain. 
The possibilitj’ of a splenic infarct, or an infectious process was considered. 
On the sixteenth day after admission the pain became increasingly severe, 
the upper ])ortion of the abdomen became tense and gave an impression 
of boggy fullness. The patient vomited bright red blood several times. 
There was marked vasomotor collapse and within a few hours the patient 
died._ The course of, events suggested the possibility of thrombosis of the 
splenic and portal veins with gastric hemorrhage ns the cause of death. 

^ Comment. . A survey of the cases in the literature which present 
a combination of elements of both diseases suggests that: 

1. In those cases which terminate as myelogenous leukemia, the 
disease generally starts with a pliase suggestive of polycythemia. 
This irolycjdheraia phase gradually disappears as the leukemic char- 
acteristics appear and grow more pronounced. Indeed, Naegeli* 
believes that there is an initial polj’’cjd;hemia in the early stage of 
all cases of myelogenous leukemia. 

2. In the cases of true erytliremia the appearance of a marked 
leukocytosis Avith immature myeloid cells in the blood stream is 
generally a late manifestation and is evidence of a more profound 
disorganization of bone-marroAV activity. This concept has been 
expressed by Minot- and Harrop.® 

3. There may be a few cases which start out Avith the picture of 
myelogenous leukemia and undergo a progressive transition into 
true erythremia. Gheron,^-'* and Winter^ haA'e reported such cases. 

4. A case presenting the composite picture of myelogenous leuk- 
emia and polycythemia, or phases of each, is more than likely to 
be leukemia than erytliremia. Thus, of 33 cases reviewed in the 
literature, 12 turned out to be leukemia and 5 erjd;liremia. The 
remaining cases could not be classified, principally because they 
did not include postmortem examination. There AA'ere a few cases 
in wdiich autopsy showed the presence of characteristics of both 
diseases, making differentiation impossible. 

It is noteAVorthy that our patient died suddenly during the course 
of Roentgen ray treatment over the spleen. The question naturallj'' 
arises as to AAdiether there Avas any relationship between radiation 
and the sudden death. Horstrup* points out the advisability or 
considering those patients with the combined picture as potentially 
poor risks for radiation. He cites only 1 case from the literature 
that Avas definitely improved by .radiation over the spleen. Inas- 
much as the disease runs a fatal course, often terminating suddenly, 
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and the appearance of immature myelocytic cells in the blood 
stream generally is a late manifestation in polycythemia, it is diffi- 
cult to determine whether radiation actually hastens the end in 
this combined group. However, it is a possibility worth further 
consideration. 

Summary. A case of erythremia presenting a marked leukocy- 
tosis, myelocytes in the blood stream, a huge spleen, and terminating 
fatally following Eoentgen ray radiation therapy over the spleen, is 
reported with postmortem findings. Four similar cases appearing 
in the hospital records are reviewed briefly.- A classification of 
cases having the combined picture of polycythemia and leukemia 
is suggested. 
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PEEGNANCY IN THE COURSE OF LEUKEMIA. 

A Case Report. 
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The number of reported cases of leukemia complicating preg- 
nancji and of pregnancy occurring during the course of leukemia is 
small.^'“ Because of this fact; because of tlie lack of unanimity of 
opinion regarding tlie transmissibility of tlie disease to the child 
because of the fact that pregnancy allowed to proceed to term is 
supposed to aggravate tlie leukemia and anticipate the fatal out- 
come;^ and because of the difference of opinion regarding the effect 
of deep radiation therapy on the function of tlie ovaries,® we 
wish to report a normal pregnancy and delivery of a normal child 
occurring in a case of chronic myelogenous leukemia. 
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Case Report. R. B, female, white, nativity United States, aged 26 years, 
October 22, 1928, and' discharged, December 12| 

Family Hislonj. Irrelevant. 

Past Hhlonj. I\rcnstruation began at the age of 12 years; was of the 
2S-day tj-pe, not painful and apparently not excessive. The patient was 
married at the age of IS i^ears. She was delivered of a normal baby boy 
0 months and 2 weeks from tlie date of her marriage. This pregnane}’' was 
characterij:ed by tlic fact tliat nausea and vomiting began earlv in its 
coarse, that they were severe and that they persisted almost to up to the 
date of delivcr>’. IMcnstruation occurred 5 months after this dcliverj'. 
Iwo j'ears and 9 months later the patient was delivered of a second normal 
babj' boy. She had persistent, severe nausea, vomiting and headache 
during pregnancy. In the interval between these pregnancies, however, the 
patient felt perfectly well and carried on her household duties without 
difliculty. Alcnstruation recurred 7 months after this deliver}'. 

Present Illness. About 15 months before admission the patient noticed 
that she_ tired easii}’. Progressive, severe and generalized weakness fol- 
lowed vdtb head noises, headache and dizziness and blurring of vision. 
Her appetite became poor and the ingestion of food was accompanied by 
epigastric discomfort. The attacks of abdominal distress gradually became 
more frequent and jirotractcd, so that they were present even when fasting. 
Later she complained of a diRuse swelling in the region of the thyroid 
gland.'* Subsequently shortness of breath developed wlvich was aggravated 
by _e.\'ercise and by the taking of food. About this time and quite. by 
accident she felt a large mass (spleen) in the left upper abdomen. Bleeding 
from the gums and crops of purpuric spots occurred at first irregularly, but 
later rather fregucntly. Weakness, shortness of breath, abdominal disten- 
tion and dragging sensation in the left upper abdomen finally became so 
severe that she applied for admission to the hospital for relief. 

Physical Examination. There was diffuse, uniform enlargement of the 
th}Toid; the gums were tender and bled easily on pressure; the lungs were 
essentially negative; the heart showed a soft, short systolic blow over the 
mitral area; the liver was enlarged about 1 inch below tbe free costal 
margin, smooth and not tender; the spleen was markedly enlarged, extend- 
ing almost to the midline anteriorly and inferiorly to the level of the iliac 
crest; the inguinal and axillary lymph nodes were palpably enlarged, discrete 
and not tender. A few purpuric lesions were scattered oyer the skin of 
the lower extremities, but there were no leukemic nodules or diffuse leukemic 
infiltration of the skin. The neurologic status, excepting slight impairment 
of tbe vibrator}'' sense in the toes, 'was normal. 

Laboratory Lata. Hemoglobin, 69 per cent, or 9.35 gm. (Dare) ; red cell 
count, 4.52 million; color index, 0.77; reticulocytes, 5 per cent; white cell 
count, 122,800. Differential count: Myeloblasts, 0; premyelocytes, 6 per 
cent; myelocytes, 12 per cent; metamyelocyte (I), 10 per cent; metamyelo- 
cytes (II), 18 per cent; neutrophils, 46 per cent; l}Tnphocytes, 5 per cent; 
monocytes, 1 per cent; eosinophils, 2 per cent; basophils, 0. The platelets 
were numerous. Examination of the red cells in the stained fdm showed 
moderate qualitative changes. Coagulation time (Lee and White), 7 min- 
utes; clot retraction good; bleeding time (Duke), 1 minute. Fragility ot 
the red cells: Patient: Beginning henaolysis, 0.5 per cent sodium cldorid; 
complete hemolysis, 0.28 per cent sodium chlorid. Control:^ BegiMing 
hemolysis, 0.44 per cent sodium chlorid; complete hemolysis, 0.32 per 
cent sodium chlorid. Van den Bergh: Immediate direct reacrion, nega- 
tive; indirect reaction, weakly positive. Icterus index, 9. _ The blood 
Wassermann test was negative (alcohol and cholestenn antigens), ine 
blood sugar was 70 mg. per 100 cc. Urea nitrogen, 14.5 mg. per 100 ce. me 



Table 1.— White and Differential ForjiuluE and Radiation Therapy During Period of Hospitalization, October 22, 1928, 

TO December 12, 1928. 
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X A.S. = Deep radiation treatment over anterior spleen. 

X P.S. = Deep radiation treatment over posterior spleen. 

Details of radiation treatments are given under Treatment and Course in text. 
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urine was cssentinliy normal. Bence-Jones bodies were not demonstrated 
Urinary urobilinogen was normal throughout entire period of observation. 
Uhe feces were negative for ova, parasites, pus, blood, e-xcess mucus and 
Cjiarcot-Loyden crystals. Fractional gastric analysis (Ewald test meal) at 
l^minute intervals up to 105 minutes gave normal x'alues for free hydro- 
chloric acid and total aciditiE Basal metabolic rate was -f 12.5 per cent. 
(Rotli-Bencdict apparatus — Aub-Du Bois standards.) Gastrointestinal 
fluoroscopy showed a normal esophagus,- stomach and duodenum. The 
electrocardiogram showed sinus tachj’cardia. Temperature, 100° F.; pulse, 
80; respiration, 22; blood pressure, 111 mm, of mercur\'’ systolic and 
74 mm. of mercury diastolic; weight, 123 jiounds. 

Trmlmcni ami Course. Deep Roentgen ray radiation therapy was 
started 11 days after admission^ that is, on Nor'ember 2. Tlie details of 
the dosage were as follows: Size of area, 9 by 12 cm.; milliamperes, 4; 
K-V, 200; filter, Cu. 0.5 mm.; Al., 1 mm.; distance, 30 cm.; per cent erythema, 
25; time, 7 minutes. The blood picture (Table 1) showed a rapid reduction 
in the total white cell count in response to the 5 deep radiation treatments 
given between November 2 and December 10, 1928. The red cells were 
not adverselj' affected. It is interesting to note that during this period of 
treatment the percentage of reticulocytes was always slightly above normal. 

Subjectively and objectively the response to deep radiation therapy was 
as striking and satisfactory as rvas the response hematologicalIjA The out- 
standing feature of the clinical response, ns was to be expected, was the 
strikingly rapid and complete reduction in the size of the spleen. Following 
the Roentgen ray therapy the patient experienced what might be regarded 
as postradiation reaction, which manifested itself as nausea, “hot flashes," 
chilly sensations along the spine and profuse perspiration of the palms. 

She was discharged to the return blood clinic on December 12, 1928. 
In Table 2 are given the dates of the return .visits with the white cell counts 
and radiation treatments. During the first three visits to the return clinic, 
December 19 and 26, 1928, and Januarj'" 9, 1929, the total white counts 
were 30,000, 26,400 and 11,400 respectively. Radiation therapy was given 
on the first two return visits and none on the third. The patient did not 
appear again at the return clinic for a period of about 9 months, that is, 
September 26, 1929, when her white count was found to be 130,200. The 
response to Roentgen raj’- therapy was quite rapid, as can be seen from 


Tabm 2.— Total White Cell Counts and Deep Radiation T«eatjients With 
Theih Dates, From December -19,' 1928, to December 19, 1929. 


Date, 1928. 
Dec. 19 
Deo. 26 
1929. 
Jan. 9 
Sept. 26 
Sept. 30 
Oct. 2 
Oct. 7 
Oct. 9 
Oct. 14 
Oct. 1 6 
Oct. 24 
Oct. 31 
Nov. 21 
Dec. 19 


Wliite blood cells. Treatment. 
30,000 X P.S. 

26,400 X P.S. 


11.400 
130,200 

86.700 
91,200 
72,900 

71.700 

50.600 

43.600 

29.600 

16.700 
5,100 

9.400 


None 
X A.S. 
X A.S. 
X A.S. 
X A.S. 
X P.S. 
X P.S. 
X P.S. 
None 
None 
None 
None 


X A.S. = Deep radiation treatment over anterior spleen. 

X P.S. = Deep radiation treatment over posterior spleen. • . , 

Details of radiation treatments are given under Treatment and Course in tes . 
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lable 2. If one compares the data in Tables 1 and 2 the following are 
aj)i)arent: that the number of treatments was not large; that the reduction 
m the total number of M-hite.cells was rapid; that the treatments were given 
only over the anterior and posterior spleen. 

I’rcgnancij and Subsequent Course. Tlie patient had her last menstrual 
period in December, 1929. In January, 1930, she missed her menstrual 
jieriod and began to complain of symptoms that from previous experience 
she associated with pregnancy, as follow.s: anorexia, nausea and vomiting. 
In April, 1930, there were definite physical evidences of pregnanej". In 
May, because of persistent vaginal bleeding, she was admitted to the 
hospital, where a diagnosis of threatened abortion was made. With rest 
in bed and with the use of sedatives, the bleeding stopped ancl the patient 
was discliarged at the end of a week. On September 13 the patient went 
iiito labor spontaneously and was delivered of a male child weighing 
7 pounds 10 ounces. Tlie labor was entirely uncomplicated and of com- 
paratively short duration, less tlian 24 hours elapsing from the time of 
beginning premonitory sjnnptoms until delivery. During the period of 
gestation the patient complained of anorexia, nausea, vomiting, feeling of 
.fullness in the abdomen, especially in the left upper quadrant, the appear- 
ance of crops of ]iurpura, especially over the lower extremities and transient 
attacks of numbness and tingling of the fingers and toes. Excepting the 
external manifestations of pregnancy, the patient’s physical appearance 
was but little altered from that presented prior to the onset of pregnancy. 

From an examination of 7'ablc 3 it can be seen that the total white 
count increased during the period of pregnancy to a level of about 70,000 
at the time of delivery and the differential formulre also changed in that 
there occurred an increase in the number of less differentiated granulocytic 
cells. The white count continued to rise after deliverjq but here again a 
short course of deep radiation treatments over the anterior and posterior 
spleen was followed by a striking and prompt decrease in the total number 
of white cells. During the period extending from January 16, 1930, that 
is, the date of the onset of pregnancy, to March 21, 1931_, the date of this 
writing, there have been no striking qualitative or quantitative variations 
in the red cell picture. 

Comment. From a study of Tables 1, 2 and 3, it is quite 
evident after radiation that the total leukocyte count never reached 
a very high level. At no time during tire course of tire disease coiild 
any evidence be adduced from the clinical findings and from a 
study of the differential formulm that a chronic form of the disease 
was becoming acute. The striking response of the white cells to 
deep radiation therapy is quite apparent and noteworthy. There 
were three series of deep radiation treatments of seven, seven and 
eight treatments respectively witli results as previously given. 

There is no evidence tliat the pregnancy aggravated the course 
of the leukemia in this patient. As far as can be determined the 
child is perfectly normal, hematologically and physically. In the 
course of the deep radiation therapy, no attempt was made to radiate 
the ovaries, the treatments being confined to tire anterior and poste- 
rior spleen. Because of this fact, there does not seem to be any 
valid reason for this patient’s not becoming pregnant if one excepts 
the existence of leukemia as preventing the occurrence of pregnancy. 
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THE INCIDENCE AND SITUATION OF MYOCARDIAL 
INFARCTION IN ONE THOUSAND CONSECUTIVE 
POSTMORTEM EXAMINATIONS.* 

By Arlie R. Barnes, M.D., 
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MEDICINE, SECTION ON CARDIOLOGY, THE MAYO CLINIC, 

AND 

Ralph G. Ball, M.D., 

FELLOW IN MEDICINE, THE MAY'O FOUNDATION, ROCHESTER, MINN. 

Coronary occlusion and myocardial infarction have been the 
subject of many clinical, electrocardiographic and pathologic 
studies in recent years. Communications dealing with the pathologic 
details have been relatively few and particularly lacking in details 
relative to the incidence and situation of infarction in a large series 
of cases. 

Benson and Hunter found 200 cases of obstructive disease of tlie 
coronary arteries in 1750 postmortem examinations. However, 
tliey were able to demonstrate acute or chronic infarction in only 
76 of these cases, an incidence of infarction of 4.3 per cent. In 54 
additional subjects (3 per cent) fresh thrombi were present in the 
coronary arteries, without infarction or aneur3'^sm having been 
produced. Thej'- did not give the details of the situation of the 
infarction. Parkinson and Bedford observed that the main branch 
of the left coronar}^ arterj^ was occluded in 3 cases, the anterior 
descending branch in 24, the circumflex branch in 10 and the right 
coronarj'- arterj'- in IS. Thej^ did not give the details of the situation 
of infarction in their cases. Otlier reports’ contain valuable 
observations on the pathology" of coronarj^ occlusion, but the authors 
did not pa}'- particular attention to incidence and situation of 
infarction nor did thej^ report the situation of the obstruction in 
the coronar}’- arteries. 

In undertaking an}-- stud}" of myocardial infarction, tlie normal or 
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usual distribution of the coronary arteries must be known. The 
recent investigations of Wiitten, with his celluloid corrosion metliods 
of demonstrating tlie cardiac circulation, have given tlie necessary 
information. Utilization of these preparations has been made in 
Figs. 1, 2 and 3. 

•As previously has been pointed out by Parkinson and Bedford and 
by Barnes and Whitten, myocardial infarction is almost completely 
confined to the left ventricle. It has not been emphasized before, 
however, that infarction in tl\e left ventricle is found chiefly in 3 
situations due to the distribution of the 3 main arterial branches 



Fig. I— mi. Region partially or completely involved by myocardial infarction 
in 28 cases. In every instance the anterior descending branch of the left coronary 
artery supplied this portion of the heart. RV, right ventricle; EV , left ventricle, aR, 
anterior descending branch of the left coronary artery'; _C, circurnflex branch of the 
left coronary artery; UC, right coronary artery'; VV, veins. Region between U—U 
and 0—0, roughly corresponds to the portion of the heart supplied by the antenor 
descending branch of the left coronary artery'. 

of the right and left coronary arteries responsible for its blood supply. 
Inasmuch as the several infarctions observed in this series^ conform 
more or less closely to 1 or more of these tj^iical situations it is 
necessary to describe each in some detail.* 

One t5''pe may be described as involving the apex and anterior 
portion of the left ventricle and is almost always due to occlusion of 
the anterior descending branch of the left coronary artery , or more 
rarely to occlusion of the main trunk of the left coronary vesse . 

* For greater details regarding the types of infarction and their relation to blood 
supply the reader is referred to 'Whitten’s observation. 
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The infarction usually occurs at considerable distance from the site 
of occlusion, so that the apex is almost invariably involved. With 
it a portion of the anterior ^ to | of the left ventricle is involved, 
extending upward a variable distance toward the base, rarely 
reaching a point more than f to f of the distance from the apex to 
the base. The adjacent interventricular septum is involved but 
the neighboring portion of the right ventricle almost always escapes 
serious injury. This will be referred to as the anterior apical type 
of infarction. 



Fig. 2. — MI, Region partially or completely inA^olved by myocardial infarction in 
8 cases. In every instance the circumflex branch of the left coronary artery supplied 
this portion of the heart. liV, right ventricle; LF, left ventricle; P, posterior descend- 
ing vein roughly marldng the division between the right and left ventricles; RC, 
right coronary artery; C, circumflex branch of the left coronary artery; 0 — O, line 
roughly separating the portion of the left ventricle supplied by the circumflex branch 
of the left coronary artery from that supplied by the right coronary artery. 


Infarction of the midventricle constitutes a second typical situa- 
tion of infarction of the left ventricle. This infarction characteris- 
tically involves the obtuse margin of the left ventricle about midway 
between the base and apex, although it may occur at the base and 
occasionally well down toward the apex. This usually results from 
occlusion of the circumflex branch of the left coronary artery. The 
term midventricular infarct will be used when referring to an 
infarct in tliis situation in tlie left ventricle. 

A third very common site of infarction in the left ^^entricle, and 
one that has been frequently overlooked, is tlie posterior basal 
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portion of tlic left ventricle. TJiis usually involves tlie basal tbree- 
iiftbs of tlie posterior portion of tlie left ventricle, tlie adjacent 
portion of tlie interventricular septum, and very rarely a small 
border of the adjacent right ventricle. This usually results from 
occlusion of a branch or of tlic main trunk of the right coronary 
artery, although in an occasional case the circumflex branch of the 
left coronary artery is the site of occlusion. Variations of the 
region of infarction here depend on variations in blood suppb^, 
and occasionally the infarct at tlic posterior part of tlic base ma}^ 
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Fig. 3. — Region partially or completely involved by myocardial iniarction 
in 24 cases. This portion of the heart was supplied by the right coronary artery in 
17 cases, by the circumflex branch of the left coronary artery in 5 cases, and by both 
the right coronary artery and the circumflex branch of the left coronary artery in 2 
cases. JiV, right ventricle; ZV, left ventricle; RC. right coronary artery; P, posterior 
descending vein; C, circumflex branch of the left coronary artery; 0 — 0, line roughly 
separating the portions of the left ventricle supplied by the circumflex branch of the 
left coronary artery from that supplied by the right coronary artery. 


extend to the obtuse margin, to the apex, or to both. Infarctions 
in tliis portion of the left ventricle will be spoken of as posterior 
basal infarctions. 

This study was undertaken to determine, as accurately as pos- 
sible, the incidence and situation of infarction. The material was 
obtained from 1000 consecutive postmortem examinations performed 
at The Mayo Clinic, It included all ages and both sexes, and no 
cases were excluded on any ground. 

In the 1000 consecutive postmortem examinations there were ■ 
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49 hearts in which there was gross evidence of myocardial infarc- 
tion, an incidence of 4,9 per cent. Forty of the subjects were men 
and 9 were women. 

' The infarctions described here were recognized by gross metliods, 
either by inspection or palpation or both. The infarcts encountered 
were acute, healed acute, or chronic. Acute myocardial infarction 
has definite pathologic cliaracteristics and needs no discussion. We 
have classified infarcts as healed acute when thej’" were localized, 
when they led to more or less complete replacement of the ventricu- 
lar wall by fibrous tissue, and whetlier or not there was an organized 
thrombus of tlie endocardium corresponding to the region of infarc- 
tion, In a certain number of cases the designation of healed acute 
infarction was strengtliened by a previous history indicative of acute 
coronary occlusion. When we use the term “chronie infarction” 
we have reference to those cases in which the fibrous replacement 
is less complete and more patchy in its distribution than that seen 
in healing following acute infarction, although at times it may be 
impossible to distinguish the two tj'pes. We believe that ehronic 
infarction results from the gradual, almost complete obliteration 
of the lumen of a coronary vessel which supplies a region that is 
involved. Cases in which chronic infarction was localized are 
included in the statistics regarding situation of infarction. In an 
occasional instance, chronic infarction is diffuse, tends to exist in 
the form of subendocardial fibrosis and involves the entire left 
ventricle more or less completely. It is not unusual for acute or 
healed acute infarction to be present in a left ventricle which is the 
seat of diffuse fibrosis of the chronic type. 

Of the 49 infarctions, 47 had occurred among patients who had 
died at 40 years of age or more, an incidence of 6.86 per cent. 
Approximately 70 per cent of the infarctions had occurred among 
patients who were between the ages of 50 and 69 years when tliey 
died. The distribution of cases and the incidence of infarction by 
decades of life is given in’Table 1, 


Table 1. — Distributiox of Cases and Incidence of Infarction by Decades of 

Life. 


Age groups. 

0-0 

1 

10-19 

20-29 

■ 

30-39 

40-49 

50-59 

GO-69 

70-79 

jsO-89 

90-99 

Subjects examined 







i 

i 



(total 1000) . . 

107 

37 

62 

109 

167 1 

223 ( 

203 

74 

15 i 

3 

Infarction .... 

0 

1 

' 0 

1 

c ; 

IS 

17 

5 ! 

0 

1 

Percentage of infarc- 











tion ...... 

0.0 

2.7 

0.0 

0.9 

3.5 

S.O 

S.3 

e.j 

0.0 

33,3 

1 


^ One patient had had a definite history of syphilis, and 1 a ques- 
tionable history of it, but the Wassermann reaction of the blood 
of both had been negative. The Wassermann reaction of blood and 
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spinal fluid of ] patient had been positive and there had been definite 
neurologic evidence of syphilis of the central nervous system. 

The bloody press^ure of 42 patients had been recorded at tlie time of 
their admissmn. The systolic blood pressure of 8 patients had been 
more than 1.50 rain, of mercurj’’ and the diastolic pressure more than 
100 mm. In 5 cases tlie systolic pressure had been less than 1.50 mm. 
and tlie diastolic more than 100 mm. In IS cases tlie systolic 
pressure had been less than 1.50 mm. and tlie diastolic less tlian 
100 mm. 

live patients had given histories of angina pectoris, or dyspnea, 
or both, preceding the history that was indicative of the first coron- 
ary occlusion. In 24 subjects witli myocardial infarction tliere had 
been a definite history of coronary occlusion. Twelve of tliese 
patients had had multiple myocardial infarctions, 9 of whom had 
given histories of a second coronary occlusion. 

As near as could be determined tlie myocardial infarction had 
been tlie cause of deatli in 18 cases, a contributing cause in 19 cases, 
a possible contributory cause in 7 cases, and in 5 cases it had played 
no appreciable part in causing death. 

, The electrocardiographic changes observed following coronary 
occlusion have been described.-'®'®-’* Electrocardiograms had been 
taken in .35 of tlie cases in tlie group described here. In 11 cases 
of acute infarction the electrocardiograms liad been characteristic 
of the situation of infarction according to tlie criteria presented 
by Barnes and I^Tiitten.® In 19 cases of healed acute or chronic 
infarction electrocardiographic abnormalities tliat were not pathog- 
nomonic of infarction had been observed. These had included 
instances of significant T wave changes, bundle-branch block, 
auricular flutter, and auricular fibrillation. The lack of changes 
characteristic of infarction in tliis group is accounted for, in some 
cases, by the fact tliat the infarctions were ancient, and in some cases 
by the fact that tlie occurrence of bundle-branch block had obscured 
the electrocardiographic features that might have been indicative 
of myocardial infarction. The electrocardiograms of 5 patients 
had not revealed significant changes. 

The weight of the hearts tended to exceed the average calculated 
weight for the sex and age of the patients. Seven hearts weighed 
between 300 and 400 gm.; 17, between 400 and 500 gm.; 12, between 
500 and 600 gm.; 7, between 600 and 700 gm.; 5, between 700 and 
800 gm., and 1 weighed 800 gm. It seems certain that any heart 
which weighs 500 gm. or more is hypertrophied and a little more 
than half of the hearts exceeded that weight. We look on this 
increased size of the heart as being a result of associated hyper- 
tension which has been shown to have been present in 24 of 42 
patients in whose cases readings of blood pressure were obtained. 
On the other hand, coronary occlusion and myocardial infarction 
occurred in cases in which the hearts were of normal size and blood 
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pressure was normal. It must be emphasized therefore that neither 
hjTpertension nor cardiac hypertrophy is a necessary concomitant 
of coronary sclerosis or occlusion. 

Acute or chronic disease of the pericardium rdated to myocardial 
infarction was observed in 11 of the 49 cases. This ratio, as indica- 
tive of the incidence of pericarditis in cases of myocardial infarction, 
may be a little too high; it was not always possible to be sure that 
a chronie adherent pericardium was a relic of acute pericarditis 
due to myocardial infarction. 

Certain traditional conceptions as to the branches of the coronary 
arteries most prone to undergo acute occlusion and as to the pre- 
disposition of certain branches to develop coronary sclerosis have 
gained wide acceptance. The prevalent idea is that most acute 
occlusions occur in the anterior descending branch, of the left 
coronary artery. This has led to the designation of this branch 
as "the artery of sudden death,” Although it still exceeds other 
branches in the frequency of its acute occlusion, the preponderance 
of such an occurrence is not nearly so great as commonly has been 
supposed. 

Table 2 shows that definite occlusion of the anterior descending 
branch of the left coronary artery was demonstrated in 18 cases; 
of the cireumfiex branch, in 7^ and of the right coronary artery, 
or a braneh, in 9. However, in those cases in which definite occlu- 
sion could not be found, the vessel or branch supplying the region 
of infarction was identified by careful dissection. Most of these 
vessels presented segments which were almost completely occluded, 
and in some organization and eanalization of thrombi was apparent. 
A study of these Vessels, which were identified by dissection, in 
relation to their distribution to the regions of infarction, shows 
that the anterior descending branch of the left coronary artery was 
responsible for cardiac infarction in 10 cases, the cireumfiex braneh, 
in 10, and the right coronary artery, in 11. Combining the group 
in which arteries were definitely occluded with the group in which 
the offending artery was identified by dissection it is seen that the 
anterior descending branch of the left coronary artery was respon- 
sible for gross myocardial infarction in 28 instances, the circumflex 
branch, in 17, and the right coronary artery, in 20. 

The greater apparent frequency witli which thrombi are demon- 
strated in the anterior descending branch of the left coronary artery 
in comparison with the other branches which supply the left ven- 
tricle is probably due chiefly to circumstances. First, the'anterior 
descending branch is studied more carefully by the average pathol- 
ogist than is the circumflex branch and the right coronary artery. 
This is particularly true of the branches of the right coronary artery 
distributed to the left ventricle, for dissection of tliese branches is 
tedious and at times somewhat difficult. In tlie second place, 
longitudinal incision of tlie anterior descending branch without 
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dislodging a thrombus is certainly technically easier tlian similar 
incision of the arclike and at times tortuous right coronary artery. 
More lively suspicion that there may be thrombi occluding the 
right coronary artery and the circumflex branch of the left coronary 
artery and more painstaking study of those vessels will increase 
greatly the frequency of discovery of thrombi occluding those 
vessels. 

As a corollary to the erroneous idea that the anterior descending 
branch of the left coronary artery is the usual site of coronary occlu- 
sion is the conception that most myocardial infarction is found in 
the apex and adjacent anterior portion of the left ventricle and 
anterior interventricular septum. Our investigation shows that 
gross myocardial infarction is found practically as commonly in the 
posterior basal portion of the left ventricle as in the apex and anterior 
portion (Table 2; Figs. 1, 2 and 3). 

An attempt was made to grade on a scale of 1 to 4 the degree of 
sclerosis present in the right and left coronary arteries. We were 
under the impression that coronary sclerosis on the average was 
much more pronounced in the left coronary artery as compared 
with the right coronary artery. Our observations gave very little 
support to that idea. In 36 eases the degree of eoronary sclerosis 
was estimated to be the same in the right and left coronary arteries. 
In 7 cases the sclerosis present in the left coronary artery was 
estimated to exceed that in the right by 1 point on our seale, in 3 
cases, by 2 points, and in 1 case/ by 3 points. In 2 instances the 
sclerosis of the right coronary artery was estimated to be greater 
than tliat in the left. 

Furthermore, the frequency with which gross myocardial infarc- 
tion occurs in the distribution of the right and left coronary arteries 
is probably a good index of the degree of sclerosis existent in those 
vessels. If we compare the number of infarctions observed in the 
region supplied by the right eoronary artery with that observed 
in the region supplied by the anterior descending braneh of the left 
coronary artery (Table 2) we do not find a great diserepancy. 

Comment. It has become increasingly apparent tliat coronary 
tlirombosis with myocardial infarction is a common occurrence in 
the human heart. The fact that in 6.8 per cent of subjeets more tlian 
40 years of age examined in a series of 1000 consecutive postmortem 
examinations, gross more or less localized infarction was found and 
tliat in 9 subjects 2 or more distinct infarctions were found, gives a 
conception of the incidence of this lesion. Seventy per cent of the 
cardiac infarctions were found among patients between the ages of 
50 and 69 j^ears. 

This study serves to correct the impression that an overwhelming 
majority of cardiac infarctions occurs as results of occlusion of tlie 
anterior descending brancli of tlie left coronary artery. It is no 
longer justifiable to designate the anterior descending branch as 
“the artery of coronary occlusion.” 
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Kurtliermore, locolizcd infurction is to be observed practically 
as frequently in the posterior basal portion of the left ventricle as 
it is in tlie apex and adjacent anterior portion of the left ventricle. 
It is^ important to point out that infarction in the posterior basal 
portion of tlie left ventricle often vill be overlooked by tlie pathol- 
ogist unless an incision through the left ventricle is made parallel 
witli, and closely adjacent to, the posterior interventricular septum, 
extending from the apex to the mitral ring. 

Barnes and Whitten described electrocardiographic clianges by 
means of whicli it ivas possible to predict whether myocardial infarc- 
tion would be found at necropsy to have involved tlie apex and ante- 
rior portion or the posterior basal portion of the left ventricle. The 
tjqies of electrocardiographic clianges cliaracteristic of infarction 
in one and in the otlier of these regions were observed witli equal 
frequency by Parkinson and Bedford. They felt tliat tliis equal 
frequency of occurrence of the 2 tjqies were out of keeping with their 
observation that occlusion of the left coronary artery was twice as 
common as was occlusion of the right coronary artery. However, 
the circumfle.\' branch of tlie left coronary artery fairly commonly 
supplies tlie posterior basal portion of the left ventricle. As a result 
of this fact, infarction in tlie posterior basal portion of tlie left 
ventricle may result from occlusion of tlie circumflex branch of the 
left coronary artery as well as from occlusion of the right coronary 
artery. Our study shows tliat cardiac infarction occurs in the 
posterior basal portion and in the anterior and apical portion of the 
left ventricle with approximately equal frequency. Thus Parkinson 
and Bedford’s observation of the equal incidence of electrocardio- 
graphic changes pointing to infarction in the anterior and apical 
portion of the left ventricle on the one hand and pointing to infarc- 
tion of its posterior basal portion on the other, is in harmony with 
our observations and supports rather than detracts from the localizing 
value of the electrocardiographic changes described by Barnes and 
Whitten. 

Summary. In 1000 unselected consecutive postmortem exami- 
nations more or less localized myocardial infarction was recognized 
grossly in 49 subjects (4.9 per cent). 

Of 685 of these subjects, 40 years of age or more, myocardial 
infarction was observed in 47 (6.86 per cent). 

A majority of the subjects who bad sustained myocardial infarc- 
tion had had associated hypertension, as judged by the cardiac 
weights and the records of blood pressure. 

Notable preponderance of arteriosclerosis in the left coronary 
artery over that found in the right was not observed in tire hearts in 
which evidence of infarction was found. 

Gross myocardial infarction resulting from coronary occlusion 
was practically confined to the left ventricle. 

Myocardial infarction was observed in the posterior basal portion 
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of the left ventricle in 24 instances as compared with 28 instances 
in which it involved the apex and anterior portion. More careful 
pathologic study of the posterior basal portion of the left ventricle 
is urged in order that infarctions in that region be not overlooked. 

In 28 instances infarction occurred in the region supplied by the 
anterior descending branch of the left coronary artery, as compared 
with 20 instances in which it occurred in the region of the left 
ventricle supplied by the right coronary artery. The designation 
of the anterior descending branch of the left coronary artery as 
“the artery of coronary occlusion” is no longer justifiable. 
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STUDIES IN COMPLETE HEART BLOCK: H. A CLINICAL 
ANALYSIS OF 43 CASES. 
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(From the Thorndike Memorial Laboratory and the Second and Fourth Medical 
Services (Harvard) of the Boston City Hospital and the Department of Medicine, 
Harvard Medical School.) 

The discoverj’’ of complete auriculoventricular heart block is 
ordinarily considered of serious significance to the individual in 
whom it is found, even though he shows no symptoms or signs of 
heart failure. Textbook descriptions of the condition emphasize 


226 


EU.1S: STUDIES IN COMPLETE IIEAKT DLOCK 


its gravity and usually state that sudden death is not infrequent. 
Recently, ho^vever, ,it has come to be recognized that heart block 
may occasionally exist for many years without seriously affecting 
the health of the subject. Thus, Lewis* states that heart block 
2 ^cr se docs not kill and that although it is usually a sign of serious 
and often progrpsive mj’ocardial damage, it may exist for some 
time, especially in young individuals who arc relatively and abso- 
lutely in good liealth. Sprague and White- also comment that in 
young people high-grade heart block may not be serious prognos- 
tically, and Harris** in reporting a case of 28 years’ duration stresses 
the fact that total block is compatible with normal life and that the 
prognosis depends on the degree of myocardial involvement. In a 
recent communication by Ellis and Weiss'* a study of the effect 
of heart block on the circulation as a whole was reported and an 
explanation given of the mechanism by which the organism adjusts 
itself to the altered circulatory conditions. The purpose of the 
present im'estigation was to gain further information regarding 
the factors which govern the occurrence of symptoms and which 
determine the prognosis as to life from an analysis of a series of 
cases of complete heart block. 

Incidence. The present series includes all of the cases, proven 
by electrocardiogram, admitted to the Boston City Hospital from 
1920 to 1931. There are 40 of these; and during this period a total 
number of 7515 electrocardiograms were taken. The total number 
of cases is brought to 43 by the addition of 3 cases from the Children’s 
Hospital, Boston. These 3 represent the only proven cases observed 
at that hospital during the past 10 years, although electrocardio- 
graphic tracings have been taken there only during the past year, 
a total of 151 tracings having been made. Thirty-five of the 43 
patients have been followed to the present time or until death. 
Tv'enty-nine showed persistent complete block while under observa- 
tion, in 3 the block was intermittent, and in the remaining 11 it was 
temporary. 

The patients ranged in age from 9 weeks to 78 years (Tablet). 
In general, the cases can be divided into twm main groups, those 
below and those above 40 years of age. Seventy per cent of the 
cases occurred in the latter division. "VNOien the deaths in these 
age groups are considered, the increased mortality in the older 
persons is strikingly evident. All of the 10 persons below 40 years 
of age who have been followed are living; only 5 of the 25 who were 
40 years of age or older are still alive. This marked difference in 
death rate is- chiefly explained by the change with advancing age 
in the etiologic causes of the heart block, as wiU be demonstrated 
below. 

Thirty of the patients were male and 13 female, a ratio of some- 
what over 2 to 1. This predominance of heart bloek in males has 
been noted before.*-®’® 
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Table 1. — Age and Sex Distribution op Patients With Cojiplete Heart Block 
AND Mortality in Various Age Groups. 


Age, years. 

No. of 
male 
patients. 

No. of 
female 
patients. 

Total 

patients. 

No. of 
patients 
followed. 

No. of 
followed 
patients 
living. 

Followed 
patients 
living, 
per cent. 

Oto 9 

2 

0 

2 

2 

2 

100 

10 to 19 

1 

0 

1 

1 

1 

100 

20 to 29 

3 

1 

4 

4 

4 

100 

30 to 39 . . . . 

5 

1 

6 

3 

3 

100 

40 to 49 

0 

1 

1 

1 

0 

0 

50 to 59 

0 

4 

10 

8 

2 

25 

60 to 69 

3 

6 

9 

7 

2 

29 

70 to 79 

10 

0 

10 

9 

1 

11 

Total 

30 

13 

43 

35 

15 

43 


Etiology (Table 2) . The chief causes of total block are congenital 
defects, trauma, acute infections, intoxications as from digitalis, 
rheumatic fever, syphilis, arteriosclerosis and tumor. It is fre- 
quently impossible to determine with exactness clinically the etiology 
of complete heart block. This is especially true in young patients 
with no other evidence of cardiac disease. In a certain number of 
these individuals the heart block may be of congenital origin, in 
others it may, have its inception during the course of some acute 
infection. 


Table 2. — Etiological Distribution op Patients With Heart Block, with its 
Relation to Age and Mortality. 


Etiology. 

No. of 
patients. 

Per cent 
of total 
patients- 

No. of 
patients 
followed. 

No. of 
followed 
patients 
living. 

Per cent 
followed 
patients 
living. 

, Age 
limits of 
patients, 
years. 

Average 
ago of 
patients, 
years. 

Permanent heart block: 








Congenital or unknown 

9 

. 31 

7 

7 


<1-36 

21 

Diphtheria .... 

1 

3 

1 

1 


27 

27 

Rheumatic fever 

2 

6 

2 

1 

50 

52-57 

55 

Arteriosclerosis 
Arteriosclerosis and 

15 

52 

12 

3 

25 

54-78 

63 

syphilis .... 

1 

3 




54 

54 

Myxedema and syphilis 

1 

3 

1 




70 

Total .... 
Intermittent or temporary 

29 


23 

12 

52 

<1-78 

49 

heart block: 








Digitalis .... 

8 

57 

7 

2 

29 

21-73 

58 

Arteriosclerosis 

4 

28 

4 

0 

0 

49-76 

62 

Infection .... 

o 

14 

1 

1 

100 

29-53 

41 

Total .... 

14 


12 

3 

25 

21-76 

57 
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In tlie present series, of the 29 pfitients who showed a persistent 
block, there were 2 instances w-hich -were apparently of definite 
congenital origin, one in a child 9 weeks of age, and the other in a 
boy 9 years of age who had been known to have had a slow pulse 
rate since birth. Both had enlarged hcaiis with signs suggestive of 
congenital defects.* In 7 persons, all under 40 years of age, the 
etiology was undetermined, but the block was probably of congeni- 
tal origin or followed some acute infection. Diphtheria was the 
probable cause in 1 person. This was the case of a young woman now 
2S years of age in whom the sudden onset of a slow heart rate was 
observed during the course of a severe attack of diphtheria 24 years 
ago. This block has persisted to date, without giving rise to any 
disability or signs of cardiovascular disease. The rarity of persistent 
complete heart block with survival occurring during diphtheria 
has been previously noted.’ In only 4 of all the cases here reported 
was any definite historj' of diphtheria obtainable. This is in con- 
trast to the observations of Butler and Levine® who report that a 
history of diphtheria is more frequent in patients subsequently 
developing heart block than in a control series. 

Two patients had a rheumatic cause. In 15 patients, 52 per 
cent of all of the cases of permanent heart block, arteriosclerotic 
changes were the probable cause of the block. Although syphilis 
is commonly considered one of the important etiologic causes of 
this condition, the blood Wassermann reaction was positive in 
only 2 of the 43 cases and both had an additional etiologic back- 
ground, 1 of arteriosclerosis and the other of arteriosclerosis and 
mjrxedema, which very likely Avere primarily responsible for the 
lesion. 

There Avere 3 patients, all Avith arteriosclerosis, Avith an inter- 
mittent complete block. Of the 11 cases of temporary auriculo- 
A^entricular dissociation, S Avere apparently due primarily to digi- 
talis. In 1 patient the only discernible cause AA^as arteriosclerosis, 
and in the remaining 2 the temporary block occurred during the 
course of acute infections, 1 of acute rheumatic pancarditis and the 
other of septic sore throat. 

Duration of Symptoms and Prognosis. The foIloAving analysis is 
confined to the 35 patients who were followed until the present time 
or death. Twenty-three of these showed a permanent block, and 
12 had transitory A-V dissociation. 

(.4) Permanent Heart Block. The 7 patients with either a con- 
genital or undetermined etiologj^ for their heart block were all 
under 40 years of age and are all living. Four have no symptoms 
whatsoever in spite of leading active lives and 3 haA^e only mild 
symptoms. In 2 of these persons there is good evidence that the 
block has existed for at least 9 years, and in a third it is known to 
have been present for over 7 years. 

*• These 2 cases and 1 other ivill be reported in detail from the Children’s Hospital. 
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The patient Avith block of diphtheritic origin of 24 years’ dura- 
tion is living and without symptoms. 

Of the 2 patients in whom rheumatic infection was the etiologic 
agent, 1 had been a chronic cardiac invalid for years and died 30 
months after the discovery of the block. The other is living but 
has experienced repeated severe attacks of congestive heart failure. 

Three of the 12 individuals with arteriosclerotic heart block are 
living, and all of them have cardiac symptoms of slight to moderate 
extent. In the remaining 9 the duration of life after the discovery 
of the heart block was as follows: 1 lived five years with frequent 
Adams-Stokes attacks; 1 lived 3 years with increasing cardiac 
symptoms; 4 lived 2 to fiA'^e months; and the remaining 3 died in less 
than 2 AA^eeks. 

The patient with heart block probably due to myxedema, arterio- 
sclerosis and syphilis died suddenly of undetermined cause after 
having been observed for 5 years, during which time he experienced 
continually moderate symptoms of Aveakness and dyspnea. 

■ One of the 12 living patients, a AAmman 68 years of age, has had 
infrequent Adams-Stokes attacks for the past 7 years. Seven of the 
11 indmduals AAdio died Avere subject to such attacks of varying 
degrees of frequency and severity. 

The loAA'est pulse rate in the patients AAuth permanent block was 
23, the highest 65 per minute. The majority fell betAveen 30 and 
50. No relationship Avas found between the pulse rate and the 
symptoms or mortality. 

(J5) Temporary Heart Block. TavcIvc patients with temporary 
or intermittent complete heart block have been followed. In 7 
of these the etiologic agent appeared to be primarily digitalis intoxi- 
cation, and all dcA^eloped a normal rhythm within a few days after 
the digitalis was omitted. Taa^o are living 2 and 5 years respectiA^ely 
after the occurrence of the heart block, 1 died of carcinoma about 
a year after the block, and 4 died of heart failure in from a fcAv 
AA’^eeks to 18 months folloAAung the block. Two of the latter had com- 
plicating factors in the causation of the block; one, coronary throm- 
bosis and the other, subacute bacterial endocarditis. 

The patient Avho dcA^eloped a complete block of short duration 
during the course of septic sore throat is noAv living and Avell 5 
years later. The 4 persons with- an arteriosclerotic background 
all died after pronounced cardiac symptoms had existed for 2, 3, 6 
and 7 months respectively. Three of these individuals had varying 
degrees of block during the greater part of the time they had symp- 
toms, although complete block existed in each for relatively short 
periods. 

Three of the 4 persons dying A\dth arteriosclerotic heart block 
had repeated Adams-Stokes seizures. None of the other patients 
subsequently dying developed such attacks. Of the Imng patients, 
the one, whose block occurred during septic sore throat had seA’-eral 
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attacks Avhile tlie block persisted but none since. None of the other 
living patients showed this symptom. 

The ventricular rates in the group showing temporary heart 
block varied from 33 to 100 per minute, all but 3 falling between 
33 and 50. No correlation was found between the cardiac rate and 
the etiology, course or outcome. 

Cardiac Enlargement. Only 7 of the 43 cases analyzed showed no 
cardiac enlargement. In these 7 jiatients the blood pressures were 
normal. Six of the 35 cases followed showed no enlargement; 5 of 
these are still liA'ing and have a diverse etiology. It is tlius apparent 
that although cardiac enlargement in heart block may exist in 
persons in a relatively good state of health, it is unusual for the 
hearts of patients with this condition to be of normal size in the 
presence of marked myocardial damage, particularly if the blood 
pressure is elevated. 

Electrocardiographic Findings. Five of the 43. patients had 
auricular fibrillation with complete block. An analysis of the elec- 
trocardiographic tracings in the 35 patients who were followed is 
given in Table 3. The greater frequency of abnormalities usually 


Table 3.— ELEcrnocAnDioonArmc Abnobmauties Accompanying Complete 

Heabt Block. 

• Type of lieart block. 


Total patients followed 

Pormanent. 

Alive. Dead, 

12 n 

Temporary, 

Alive. Dead. 

3 9 

Total 

35 

No abnormality* 

7 

3 

2 

4 

16 

Auricular fibrillation 

1 

2 

0 

1 

4 

Intraventricular block 

1 

2 

0 

2 

5 

Bundle-branch block 

0 

2 

■ 1 

0 

3 

Inverted or diphasic Tior 

3 

2 

0 

2 

7 

Patients udth no abnormality, per cent 

58 

27 

67 

44 

46 


* Not including the heart block or axis de^dation. 


considered indicative of cardiac damage among the patients that 
died is evident. In many instances the electrocardiograms were 
taken months and even years before the death of the patients so 
that the abnormalities encountered do not necessarily represent 
terminal electrocardiographic changes. 

Six of the 43 patients showed an irregularity in the spacing of the 
P— P intervals commented upon by Wilson and Robinson.®^ When 
a ventricular complex fell between the P waves the P-P interval 
was distinctly shorter than when no ventricular complex inter- 
vened. Tavo of these persons are knowm to be living and symptom- 
less Avith heart block of congenital and diphtheritic etiology respec- 
tively, 1 had temporary block of arteriosclerotic ^ origin and is 
dead and 3 haAm not been folloAved.' The etiology in 1 of these 
cases AA'as arteriosclerosis and in 2 undetermined. ^ 

Tiventy-two patients show^ed left axis deAuation, 1 right axis 
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deviatioiij 4 bundle-branch block, and 16 normal axis. No correla- 
tion was found between the axis and the etiology, functional con- 
dition, or mortality. 

Arterial Blood Pressure. It is commonly held that in complete 
heart block there is characteristically an increased systole and a 
normal diastolic pressure, resulting in a distinct and often very 
marked widening of the pulse pressure. So far as the diastolic 
pressure is concerned the findings in this series support such a 
belief. In only 3 of the 43 cases was the diastolic pressure 100 mm. 
of mercury or over. In the great majority of patients it fell between 



Chart I. — Arterial blood pressure in various age groups of patients with com- 
plete heart block. Solid circles represent the systolic, and hollow circles the diastolic 
pressures. 


60 and SO nim. of mercury. A markedly increased pulse pressure, 
i. e., a systdlic hypertension, was found to occur., however, only in 
the older age groups (Table 4, Chart I). This corroborates results 
previously reported bj^ Ellis and Weiss^ which indicate that in 
complete heart block a definitely widened pulse pressure occurs 
usually only when the peripheral vascular system is sclerosed. 
The converse finding, that of low systolic and relatively low pulse 
pressures in patients with arteriosclerosis, obsen’^ed in a few cases 
of the present series, is probably caused, in part at least, by failing 
cardiac function. 
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Table 4. AnTEnuE Blood PnEasonEa and Polse Pees90ees in Various Age 

Gnoura. 




blood 

prcfisUTc. 

Hangc of 
pulao 
pressure, 
mm. Hg. 

65 

Average 
pulse 
pressure, 
mm. Hg. 

55 

Akc. 

Oto 0 
10 to 19 

No, of 
patients. 

... 2 
... 1 

Syatolic, 
ram. He, 

125 

Diastotic, 
mm. He. 

70 

20 to 29 
30 to 39 
40 to 49 
60 to 69 
00 to 69 
70 to 79 

. . . 4 

. . . G 

... 1 

... 10 

... 9 

... 10 

lie 
131 
220 
103 
190 • 
169 

71 

73 

110 

09 

74 

73 

30-60 

46-80 

110 

75-170 

50-210 

40-195 

45 

00 

110 

101 

107 

95 


The effect of age and the state of the peripheral vascular system 
on the pulse pressure is illustrated more strikingly if groups are 
compared in which the possible influence of mjmcardial failure on 
the blood pressure, has been eliminated. In Table 5 this is done. 
The first group is of young persons with no evident arteriosclerosis 
or myocardial damage other than the heart block. The second 
group comprises persons 50 years of age or older with varying 
degrees of arteriosclerosis but with very slight or no cardiac symp- 
toms. The difference in pulse pressures is immediately apparent. 
None of the young persons had pulse pressures in excess of 60; 
only 2 of the old patients showed pulse pressures below 70. 


Table 5. — Comparison op Arterial Blood Pressures in Patients WTth and 
• Without Arteriosclerosis. 



If the blood pressures are analyzed according to etiology, the 
only correlation is that the causes which tend to affect the older 
age groups are accompanied by higher pulse pressures. 
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No correlation was found between tlie pulse rate and blood pres- 
sures. 

In the instances in which blood pressures were recorded in persons 
both during complete heart block and when normal rhythm had 
been restored there was no constant tendency for the systolic or 
diastolic pressures to change in any given direction. 

Discussion. The present series is too small to permit of significant 
statistical analysis. Certain definite facts appear, however, and from 
them conelusions may be drawn. Complete heart block per se does 
not necessarily jeopardize the health or life of the individual having 
it. This is particularly evident from a consideration of 4 of the 
relatively young persons in this series in 2 of whom the block is 
known to have existed for 24 and 7 years respectively, and in the 
other 2 to have been present almost certainly for 9 years, without 
objective or subjective evidence of cardiac deterioration or failure. 

Dr. Paul D. White has kindly given me permission to mention 
here 2 of his cases of complete heart block. These are both in 
women ; one is aged 41 years and the other is about 35 years old. They 
have been known to have had persistent heart block for at least 14 
and 15 years respectively. Both have been followed clinically and 
checked by electrocardiogram during this time. In neither was the 
etiology determined. Both are quite well and lead active lives, 
1 being an ardent and excellent golfer. Instances have been reported 
in the literature of total heart block existing in persons in good 
health for many years, notably the case reported by Harris® of 
28 years’ duration, and that by Willius® lasting 15 years. 

Heart block should not, therefore, be considered a- disease entity 
either from the etiologic or prognostic viewpoint. It should rather 
be considered merely as a sign of cardiac abnormality which is 
usually indicative of severe cardiac damage. The regulation of the 
life and the prognosis given an individual depend on a consideration 
of other aspects of his condition. These are; (1) The underlying 
etiology. When the block is due to arteriosclerosis it is usually 
indicative of widespread cardiac damage, whereas if the etiology 
is of congenital or undeterminable origin, the block is more likely 
to be caused by a localized lesion or defect in the conducting system 
and the myocardium may be unimpaired; (2) with increasing age 
the prognosis becomes worse, probably due to a shift in the pre- 
dominating etiologic causes mth advancing age; (3) Adams-Stokes 
attacks usually are of grave import, indicating as they do periodic 
circulatory insufficiency, ordinarily due to a breakdovm in the con- 
ducting and exciting mechanism of the heart; (4) any of the electro- 
cardiographic changes usually considered an indication of cardiac 
damage are evidence of poor cardiac function; (5) a normally-sized 
heart in a patient with total block indicates an adequately func- 
tioning myocardium and carries a better prognosis. From no one 
of 'these factors alone should a prognostic conclusion be drawn. 
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but froiu an ca aluation of all of these aspects a decision can be 
reached as to the significance of the lesion and the probable future 
progress of tlie condition. 

In the previous study of heart block reported by Ellis and Weiss 
a picture of the functioning and adjustments of the circulation as 
a whole \vas^ presented. The present clinical study supports the 
previous findings, in particular regarding the arterial blood pressure 
in heart block. The systolic hypertension and increased pulse 
pressure frequently obsen'cd in complete heart block have been 
considered an index of the increased ventricular discharge by most 
observers. Wfiiile undoubtcdlj' there is an increased cardiac stroke 
output in this condition, tliis usually occasions a greatly increased 
pulse pressure only when the peripheral arterial system is so rigid, 
tlirough sclerotic changes, that a high initial systolic pressure be- 
comes essential to maintain the forward movement of the blood 
during the prolonged diastolic pauses. In young persons, without 
arteriosclerosis, the elastic vessels can stretch to accommodate the 
increased mass of blood projected into them with each beat, and 
by contracting aid in its forward propulsion without the necessity 
for a raised sj’stolic pressure. Such young individuals are spared, 
therefore, the added strain which hjq)ertension in itself imposes 
on the heart and circulation. All of the patients of this series who 
were relatively young and without evidence of peripheral sclerosis 
had arterial blood pressures which did not differ strikingly from the 
normal. 

Summary. 1. An analysis is presented of 43 cases of complete 
auriculoventricular block in patients ranging in age from 9 weeks 
to 7S years. Seventy per cent of the patients were over 40 years 
of age and the same percentage were males. In 29 cases the block 
was' permanent, while in the remainder it was intermittent or 
temporary. 

2. Fifty-two per cent of the cases of permanent block were due 
to arteriosclerosis, 31 per cent were of undetermined origin, but in 
most of these instances were probably either congenital or dependent 
upon an acute infection. Diphtheria, syphilis and rheumatic infec- 
tion were responsible for a small number of cases. Digitalis was 
the chief etiologic agent producing transitory block, although 
arteriosclerosis and infections caused a lesser proportion. 

3. Complete heart block per se may exist for very prolonged 
periods of time without damaging the health of the patient. Four 
cases are recorded in which the block is known to have existed for 
24, 1 5, 14 and 7 years respectively, and 2 more in which it has 
almost certainly lasted 9 years. The chief factors governing the 
prognosis appear to be etiology, age, Adams-Stokes seizures, elec- 
trocardiographic abnormalities, and cardiac size. 

4. A discussion of the significance of arterial blood pressure 
findings is presented. Young persons with complete heart block 
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may have essentially normal blood pressures. A systolic arterial 
hypertension and wide pulse pressure usually occur in heart block 
in persons giving evidence of peripheral arteriosclerosis. 

Note. — ^It is a pleasure to acknowledge my appreciation to Dr. Kenneth D. 
Blackfan of the Children’s Hospital, Boston, for permission to report the cases from 
that hospital, and to Miss Mildred Adell for assistance in following the patients. 
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THE COLONIC ADMINISTRATION OF OXYGEN IN 
EXPERIMENTAL ANOXEMIA. 

By Richmond L. Moore, M.D., 

INSTRUCTOn IN SURGERY, COLLEGE OP PHYSICIANS AND SURGEONS, COLUMBIA UNIVER- 
SITY, AND FELLOW IN SURGERY, PRESBYTERIAN HOSPITAL, 

AND 

H. Walton Cochran. M.D., 

INSTRUCTOR IN SURGERY, COLLEGE OF PHYSICIANS AND BURGEONS, COLUMBIA UNIVER- 
SITY, and fellow in surgery, PRESBYTERIAN HOSPITAL, NEW YORK CITY. 
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Surgeons, Columbia University.) 

The 4 experiments to be reported in this paper were undertaken 
to determine whether within a given .period of time a sufficient 
amount of oxygen tvould be absorbed from the colon of a dog to 
relieve or abolish a degree of experimental anoxemia comparable 
to that which is sometimes seen clinicallj’^ in human disease. Such 
a study seemed capable of yielding knowledge of practical impor- 
tance when Ave recalled the following Icnown facts : 

1. The A^alue of oxygen as a therapeutic measure. At the present 
time its use is Avidespread and those Avho haA^e had most experience 
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with it are uniformly'’ agreed as to its' value as a therapeutic agent. 
Its ability to raise the oxygen content and per cent oxygen satura- 
tion of the arterial blood in most cases of acute pneumonia with 
anoxemia was clearly demonstrated by a study of. the blood gases 
in 137 cases of pneumonia at the Hospital of the Rockefeller Insti- 
tute before and after exposure to a 40 per cent oxygen concentration 
in a specially made chamber (Singer'). 

2. Its inability, when given by inhalation, to abolish or relieve 
anoxemia in the occasional case of pneumonia with extensive pul- 
monarj'^ involvement and “wet” lungs. 

3. The relative scarcity and limited accommodations of oxygen 
chambers, even though it is uniformly conceded that the chamber 
is the most efficient and most convenient means of giving oxygen and 
by far the most pleasant for the patient. 

4. Tlie inaccessibility of oxygen tents which are recommended 
as the second best means of giving o.xygen; and the inconvenience 
and noise which are associated with their use. 

5. The discomfort and limited effectirmness of the administration 
of oxy’'gen by means of nasal catheters or face masks. 

6. The fact that the absorption of oxygen from the gastrointes- 
tinal tract has been demonstrated experimentally. 

When these facts were considered it occurred to us that the effec- 
tive and harmless administration of oxygen by some route other 
than the lungs would not onlj" be of interest but under certain clini- 
cal conditions was actually indicated. We knew that this idea had 
occurred to others, but found no reports in the literature, either 
experimental or clinical, of the absorption of oxygen through the 
colon at a sufficient rate to raise the per cent oxygen saturation of 
the arterial blood in anoxemia. 

Kato’^ studied the changes in various gases which he introduced 
into isolated sections of the small intestine of anesthetized rabbits 
and found that carbon dioxid disappeared rapidly, oxygen slowly 
and hydrogen and nitrogen not at all* He noted further that small 
amounts of carbon dioxid and nitrogen appeared in the intestinal 
lumen after the injection of hydrogen and nitrogen and caused an 
increase in the oidginal volume. Schoen® made similar -studies on 
dogs, including the large intestine, and in general noted the same 
results. These studies by ICato and Schoen and more recent studies 
by Mclver, Redfield and Benedict^ and others indicate that there 
is an interchange of gases between the lumen of the gastrointestinal 
tract and the circulating blood, which resembles the gaseous inter- 
change in the lungs and which, like it, is governed by the physical 

laws of diffusion. ■ * j 

The slow absorption of oxygen was not encouraging for the study 
which wm had planned. Nevertheless, it must be borne in mind 
that the observations alluded to were made on animals whose blood, 
presumably, was normally saturated with oxygen. Assuming an 
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adequate supply of oxygen through the colon, the tendency for it 
to be absorbed would be greater when the oxygen tension of the 
blood is low and there is consequently a greater difference between 
the partial pressure of the gas within and without the lumen of the 
gut. Such were the conditions in our experiments. Our results, 
however, were disappointing in that they were negative and what- 
ever importance can be attached to them would seem to lie in the 
field of academic ratlfer than of practical interest. 

Method. Dogs were used. Each animal received 2 colonic irrigations 
with warm suds, 1 on the day preceding and the other on the morning of 
the experiment. Several hours after the second irrigation the animal 
was anesthetized by the intravenous injection of barbital sodium (0.3 gram 



Fig. 1. — Diagrammatic view of the apparatus which was used in Experiments 3 
and 4. In Experiments 1 and 2 oxygen was administered through the rectal tube 
and the cecostomy was not necessary. Otherwise the preparation used in those 
two experiments was identical with the one shown in the diagram. 

per kg. body weight). The trachea was isolated through a midline in- 
cision, opened horizontally, and a glass cannula tied snugly in position. 
A second cannula was then inserted into one femoral artery for the twth- 
drawal of blood samples. At the end of a control period, during which the 
animal breathed room air, the first blood samples were taken. Immediately 
after this the tracheal cannula was connected through a system of inspira- 
tory and expiratory valves with a Douglas bag containing a gas mixture 
of 90 per cent nitrogen and 10 per cent oxygen (Fig. 1). By causing the 
animal to inspire from the bag and expire into room air, the oxygen percent- 
age of the inspired air was maintained at a constant low level. In this way 
the ox 3 ^gen tension of the alveolar air was reduced to such a degree that 
anoxemia regularly resulted. After the animal had breathed tliis oxygen- 
poor mixture for a given period of time (varjdng from 12 to 19 minutes) 
second blood samples were vdthdrawn in order to determine the degree of 
anoxemia which resulted. The administration of oxj^gen was then begun. In 
the first experiment (No. 1) 3000 cc. of oxygen were introduced through a 
rectal tube during a period of 15 minutes. In the second (No. 2) 5500 cc. were 
given during a period of 61 minutes. In the third and fourth experiments 
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tho oxygen was introduced at a given rato throvgh a small rubber catheter 
■\\ inch previously had been fixed in the eccuin and allowed to pass through 
the colon and out through a rectal catheter, the end of which was immersed 
in water. In these two experiments oxj'gen was administered for periods 
of 20 and 30 minutes respective!}’. The third blood sample was then taken, 
the administration of o.xr’gcn discontinued and the animal again allowed to 
• breathe room air. From 6 to 19 minutes later a final sample of blood was 
withdr.awn. At frequent intervals during the progress of each experiment 
the pulse and respiratory rates were counted wth the aid of a stopwatch. 

The oxygen content of the blood samples was estimated bj’ the mano- 
inetric method of Van Siykc and NeilF and the results expressed in volumes 
per cent. The oxygen capacity of each sample was estimated after rotating 
the blood for 5 minutes in a flask in which it was exposed to room air. The 
percentage saturation of the arterial blood with o.xj’gen was calculated by 
dividing oxygen content by oxj’gen capacity. The blood samples were 
transferred to oxalated tubes beneath oil and kept in the ice box until 
analyzed. iVnalyses were done in duplicate and results which did not agree 
within five-tentiis of 1 jier cent were discarded. 

The animals were killed while still under the influence of the anesthetic 
by injecting 10 cc. of a saturated solution of magnesium sulphate into the 
femoral artery and an autopsy was performed immediately. The position 
of the rectal catheter was noted and sections of the colon were taken for 
microscopic study. 

Ptr cent 

oxygen a^lur^ition 
oi th« Aierial Uood 
too 


90 


60 


YO- 


60 - 


50 

Fio. 2. — Showing th.-it the per cent oxygen saturation of the arterial blood m 
experimental anoxemia was not increased by the colonic administration of oxj-gen. 
The duration of each period in minutes is included in Table 1. 

Results. The inhalation of a gas mixture containing 90 per cent 
nitrogen and 10 per cent oxygen tvas folloxved in all of the experi- 
ments by a pronounced decrease in the oxygen saturation of the 
arterial blood. During the control period with the animals breatm 
ing room air the oxygen saturation of the arterial blood varied 
between 90.3 and 95.9 per cent and averaged 93.9 per cent. During 
the inhalation of the oxygen-poor mixture the per cent oxj gen 
saturation of the arterial b’ood varied between 66.9 and ana 
averaged 71.7. The administration of oxy’gen, either by rectal tube 
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or through a cecal catheter, ivas not accompanied by any signifi- 
cant change in 3 experiments (Nos, 1, 3 and 4). In experiment 2, 
alter prolonged inhalation of the 10 per cent oxj'gen mixture, the 
oxygen saturation of the arterial blood fell from 66.9 per cent to 

06.1 per cent while oxygen was being given by rectum. It is possible 
that this was due to the damaging elFect of long continued oxygen 
want on the circulatory system. During the colonic administra- 
tion of o.xygen tlie saturation of the arterial blood varied between 

56.1 and 75.7 per cent, averaging 67 per cent. I^Tien the animals 
were allowed to respire room air again, the oxygen saturation of the 
arterial blood quicldy returned to the control levels. The experi- 
mental data arc summarized in Table 1 and shown graphically in 
Fig. 2. 

At autopsy it was noted in all of the experiments that the end 
of the rectal catheter lay in the upper part of the descending colon. 
Tiiere was no gross evidence of trauma. Microscopic examination 
of .the excised sections of the colon did not reveal any significant 
variations from the normal. Distention of the small intestine was 
not found in any instance and we were never able to force oxj^gen 
through the ileocecal valve after death by using a degree of pressure 
comparable to that ivhieh was employed in the experiments. 

Discussion. In accordance with the physical laws of gaseous 
dift'usion, if a gas is to be absorbed from the intestinal tract, it is 
necessary that the tension of the gas within the lumen of the gut 
always exceed the tension of the gas in the blood circulating in its 
wall. If this condition is satisfied the rate of absorption will depend 
largely on the magnitude of the difference between the two tensions, 
the diffusibility of the gas in question and the relative permeability 
of the interposed tissue. The amount of gas which will be aborbed 
in a given time will be determined by the rate of dift'usion and the 
total area of the exposed surface. In our experiments these condi- 
tions have to be considered only in relation to the colon, because 
the oxj’^gen which we introduced never went past the ileocecal valve 
to enter the small intestine. 

In view of the degree of anoxemia which was produced and the 
rate at which pure oxygen was administered it is reasonable to 
assume that a wide difference between the oxj'gen tension within 
and Avithout the gut was continuously maintained in our experi- 
ments. Therefore, we must look to the other conditions stated aboye 
for an explanation of the failure of the animal to absorb oxygen in 
sufficient amounts and at a sufficient rate to increase the per cent 
oxygen saturation of the arterial blood. Ail of these conditions 
were unfavorable. The diffusion rate of oxygen is low; the per- 
meabilitv of the colonic mucous membrane in all probability is small 
as compared to that of tbe thin epithelial lining of the alveolar 
spaces; the total surface area for absorption is markedly less than 
that in the lungs and, finally, and perhaps most important ot all, 
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the amount of blood circulating through the colon is a relatively 
small fraction of the total bloodflow. Doubtless all of these factors, 
in varying degrees of importance, were responsible for the negative 
results which were obtained. 

Summary. 1. A pronounced drop in the per cent oxygen satura- 
tion of the arterial blood of anesthetized dogs was regularly produced 
by causing the animals to breathe a gas mixture containing 90 per 
cent nitrogen and 10 per cent oxygen. 

2. The colonic administration of oxygen (either by rectum or 
through a cecostomy tube) did not raise the arterial saturation. 

3. Gross and histologic examinations of the colon showed no 
evidence of injury. 
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STUDIES IN REVIVIFICATION. 

I. Organization of Resuscitation Measures. 

By j. 0. Wanger, 

ASSISTANT IN RESEARCH, DEPARTMENT OF PHARMACOLOGY, 

AND / 

S, N. Blackberg, B.S., D.V.M., Ph.D., 

INSTBUCTOR IN THE DEPARTMENT OF PHARMACOLOGY, NEW YORK CITY. 

(From the Department of Pharmacology, College of Physicians and Surgeons, 

Columbia University.) 

The purpose of the experiments reported in this paper was the 
establishment of an orderly routine for tlie resuscitation of animals 
in which sudden death had been brought about by volatile anesthe- 
tics, asplijoda, hemorrhage or electrocution. Since clinical applica- 
tion was the goal of the research, a definite, rigid procedure was 
developed; a procedure whicli in our hands resuscitated 82 per cent 
of our 52 cats, and 52 per cent of our 29 dogs. Early experience 
demonstrated the necessity of adhering closely to a definite method. 
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Any variation in the sequence of our procedures made resuscitation 
more difficult. 

Regardless of the cause of death, tlie 2 principal conditions to be 
overcome in^ resuscitation are respiratory failure and circulatory 
collapse. Primary circulatory collapse may be due either to cardiac 
arrest or to central vasomotor paralysis. Respiratory depression 
may be due to the direct action of a toxic substance on the center, 
or may be secondary to circulatory collapse. In primary respiratory 
failure, tlie heart continues to function for a variable length of time, 
but eventually dies of asphyxia. Respiratory depression leads to 
accumulation of carbon dioxid and exliaustion of oxygen. The 
primary effect of the excess of carbon dioxid in the blood stream 
is a stirnulation of tlie respiratory center, with a deepening and 
acceleration of breathing. Excessive stimulation in the presence 
of oxygen-lack soon leads to paralysis of the respirator}’’ center. 
The vasomotor center is also very susceptible to asphjoda, but of 
all .the vital centers, it seems to be tlie most resistant to permanent 
injury. 

In 73 experiments in •which an overdose of ether was administered, 
the respiratory center failed before tlie heart in 70 (96 per cent), 
while in 3 (4 per cent) circulatory collapse and respiratory failure 
occurred simultaneousl}". "IMien concentrated doses of chloroform 
w’ere employed, cardiac arrest preceded the respiratory paralysis 
in every instance. A minimum lethal electric shock invariably 
produced ventricular fibrillation, in cats, dogs and guinea pigs; 
respiratory movements continued for varying periods after tlie blood 
pressure had fallen to zero. 

Despite tlie fact that tlie circulatory system may be depressed 
by one agent and the respiratory mechanism by an entirely different 
cause, tlie two systems are normally absolutely dependent one on the 
other; depression of one invariably affects tlie otlier; paralysis of one 
always results in the ultimate paralysis of the other. It is evident, 
therefore, tliat simultaneous treatment for both respiratory and cir- 
culatory failure becomes imperative in every instance; the essential 
problem is to supply oxygen to, and remove carbon dioxid from the 
tissues. 

Experimental Results. Our findings are best described under three 
headings. In tliese experiments dogs and cats were given letlial 
doses of chloroform, ether or electric shock. In some cases, 'tlie 
same animal ivas killed and resuscitated repeatedly; 1 cat was 
resuscitated 9 and another 12 times. 

Series 1. Fifty-three experiments were performed in whicJi 
resuscitative measures consisted of artificial respiration alone. This 
measure succeeded in reestablishing an efficient circulation and 
respiration in some animals, but failed in. others. An analys^ or 
our data shoAved that artificial respiration was successful m those 
animals which (because of the absence of pulse, cardiac sounds and 
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X (see legend) 

Fig. 1. — Blood pressure tracing (Hg. manometer) cat. Asphyxial death. Blood pressure falling from 130 mm. to zero : animal pulseless , no 
cardiac sounds or respiratory movements. Electrocardiogram showed weak auricular and ventricular contractions. Circulation and respira- 
tion restored by artificial respiration and manual compression of chest. Time, five seconds. A. R. off and A. R. on = artificial respiration 
stopped and begun. X = spontaneous respiratory gasp. 
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respiration) we considered dead (Fig. 1); the electrocardiogram 
indicated, however, tliat the heart was beating. Artificial respira- 
tion alone always failed to resuscitate the animal, when the respira- 
tion was at a proven standstill. Since oxygen is a primary necessity 
of life, our first consideration was the means of supplying oxygen 
to the organism; so some form of artificial respiration must be 
instituted as soon after cardiorespiratory failure as possible. Three 
different metliods of artificial respiration were successively tried. 
A metal cannula was tied into the trachea, and the depth and rate 
of respiration were regulated by a Becker interrupter. To obviate 
tracheotomy, a method of manual compression of tlie thorax was 
developed and was found effective. Finally, in order to prevent 
exliaustion of tlie operators, insufflation through a rubber catheter 
introduced into the trachea was adopted. The air blown into the 
animal was warmed and moistened. 

Since at the time of a serious clinical accident, apparatus for 
carrjdng out- artificial respiration is not always available, the effi- 
cacy of various types of manual compression of the thorax was 
tested. The best results were obtained by using the Schaffer method, 
modified by placing tlie animal on its back. Compression of the 
thorax must be effective in maintaining pulmonary ventilation 
without, at the same time, doing harm to vital organs. With this 
type of artificial respiration, too violent manipulation nday cause 
severe injury to the lungs and liver. 

The following protocol illustrates the typical results obtained by 
various measures after complete failure of respiration and circulation. 

Experiment J.— (Fig. 2.) May 26, 1930. Cat, female, 2.3 kg. Carotid 
arter 3 % femoral vein and trachea cannulized. Blood pressure, 115. mm. Hg. 

0:07. Inhalation of excessive concentration of warmed ether. 

0:08. Respiration shallow and slow. Blood pressure temporarily fell, 
then rose above normal. (Asphyxial.) 

0:09. Breathing failed; blood pressure dropped to zero; heart feebly 
beating. 

0:10. Heart stopped. 

0:11. Mechanical artificial respiration instituted; tight binder apphed 
to abdomen and lower chest; animal placed in extreme shock position. 

0:12. Extrathoracic manual compression begun and continued for 
1 minute without reinstating natural breathing or arousing the heart. _ 

0:13. Epinephrin (1 to 1000, 0.1 cc. per kg.) injected into femoral vein; 
no cardiac response. . . 

0:13. Epinephrin driven toward the heart by intravenous mjection 
of saline solution (3 cc.) and by extrathoracic and abdominal massage. 
The heart immediately began to beat. Blood pressure rose graduaUy. 

0:14. Artificial respiration interrupted at intervals to observe tne 
recurrence of spontaneous breathing. Blood pressure continued to nse. 

0:16. First spontaneous respiratorj" gasp. 

0:17. Artificial respiration stopped. • , 

0:18. Regular spontaneous breathing. Blood pressure remained at 
150 mm. This was followed by the reappearance of the knee-jerk, voluntary 
movements and consciousness. 
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In this experiment, in whieh both respiration and cireulation 
.were at a standstill, artificial respiration alone was unsuccessful in 
reinstating the circulation. However, when the artificial respira- 
tion was combined with the administration of epinephrin and an 
orderly sequence of supportive measures, a complete revivification 
followed. 

Since a feeble cardiac contraction is not generally perceptible 
by ordinary clinical methods of palpation and auscultation, the 
heart’s action must be observed by direct inspection of the exposed 
organ or electrocardiographically. Inspection and the electrocardio- 
gram show tliat the heart may continue to beat coordinately for 
several minutes after respiration ceases, blood pressure has dropped 
to zero, and the animal is pulseless. (Fig. 3.) The next phase of 
the heart’s action may be a ventricular standstill, the auricle con- 
tinuing to beat in orderly fashion until eventually the atrium stops 
in diastole. Utilizing the electrocardiographic means of determining 
the condition of the heart, we are able to show that artificial respira- 
tion alone is not sufiicient to restore to activity a heart all of whose 
chambers are completely stopped. However, in the presence of 
any detectable cardiac acitivity, artificial respiration alone usually 
restores a useful circulation. . Many of the reported successful re- 
suscitations may very well have been of this type. 

Series H consisted of 44 experiments (25 cats, 19 dogs) in which 
an attempt was made to standardize a method of inaugurating an 
artificial circulation which would delay the onset of asphj’xia of 
tlie central nervous system. A total anemia of the central nervous 
system rapidly produces irreparable pathologic changes.^ In 
resuscitation, therefore, the maintenance of the vitality of the 
central nervous system through the immediate reinstatement of a 
circulation becomes of primary importance. Often the heart con- 
tinues to beat after respiration has stopped and blood pressure has 
fallen to zero. These slow, weak beats maintain a feeble circulation 
which postpones asphyxia, and prevents the threatened anemia of 
the central nervous system.- 

Wolff and Lennox- have shown experimentally that cerebral 
anemia and asph;^rxia cause vasodilatation of the pial vessels. The 
first step for increasing the blood supply to the central nervous sys- 
tem is placing tlie animal in extreme shock position. This change 
of position favors drainage of the splanchnic area, and immediately 
encourages a maximal passive blood supply to the cerebral vessels. 
As an adjuvant to the shock position, tight binding of the abdomen 
and lower chest decreases the splanchnic blood bed, and assists 
fiirtlier in driving blood to the anemic brain. There is a definite 
technique in applying the binder; iiressure is made on the lower 
abdomen, forcing tlie viscera against the diaphragm; tlie binder is 
then pulled taut across the abdomen and lower chest, and secured 
with artery clamps from below upward. Artificial respiration in tlie 
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presence of the increased intraabdominal and intrathoracic pressure 
causes effective massage of the heart by tlie lungs, thus forcing the 
blood out of the ventricles into the great I'^essels. 

Direct cardiac massage maintains a fairly satisfactory circulation, 
and_ helps to delay asphjrxia. Since this treatment is impractical 
clinically, another metiliod of promoting circulation was employed, 
ms., manual compression of the thorax. With each compression, 
the heart is emptied, and witl) each release of pressure the heart 
refills. Thus tire artificial circulation already established by artifi- 
cial respiration is enormously augmented. Our tracings show that 
this indirect massage of the heart is as efi’ective in raising l?lood 


indirect 


Fio. 4. — A comparison of the effectiveness of maintaining a circulation by indirect 
cardiac massage (compression of the thorax), and direct massage of the heart. 




pressure as is direct massage. (Fig. 4.) This propulsion of blood 
has been observed in the arteries, veins, and capillaries of the mesen- 
tery and the cerebrum of our experimental animals. The circulation 
thus artificially produced by shock position, abdominal binder, 
artificial respiration and indirect cardiac massage was sufficient to 
keep alive the respiratory and vasomotor centers, in several cases, 
for almost an hour, even though tire heart remained absolutely 
quiescent. 

Experiment 2. Cat, male, 3.3 kg. Ether anesthesia. June IS, 1930. 
Carotid artery, femoral vein and trachea cannulized. Blood pressure, 
115 to 125 mm. Hg. 

0:03. Electrocardiogram 1. (Normal.) 

0:05. Electric shock; blood pressure drops to zero; no pulse nor heart; 
sounds detectable; respiratory gasps. 
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0:06. Electrocardiogram 2.' (Ventricular fibrillation.) 

0:07. Respiration stopped . 

0:08. Artificial respiration instituted; animal placed in shock position 
and abdominal binder applied. 

0:10. Ventricular fibrillation continues. 

0:20. Blood pressure, zero; no spontaneous respiration. 

0:30. Blood pressure, zero; no spontaneous respiration. 

0:50. Blood pressure, zero; no spontaneous respiration. 

0:51. Blood pressure, zero; no spontaneous respiration. Ventricular 
fibrillation ceases. 

0:51. 0.5 cc. of 1 to 1000 epinepludn injected into femoral vein; 2 cc. 
6 per cent glucose wash. 

0:52. Extrathoracic manual massage. No cardiac response. 

0:56. 1 cc. of 1 to 1000 epinephrin injected into femoral vein. 

0:58. Slight cardiac response. 

1:00. Regular coordinate heart beat. Blood pressure rapidly elevated 
to 90 mm. Hg. 

1 :02. Blood pressure falling. 

1:03. Infusion of 1 to 50,000 epinephrin in 6 per cent glucose solution 
into femoral vein. 

1:03. E.K. G. (Rapid coordinate beat.) Spontaneous respiratory 
gasps. 

1:08. E. K. G. (Normal rate and rhythm.) This was followed bj'' 
normal, spontaneous breatliing, and a return of the reflexes, consciousness 
and voluntary movements. 

Series III. Eighty-two animals (53 cats, 29 dogs) were used 
to develop the best plan of reestablishing and maintaining an effec- 
tive circulation and respiration. The measures already described 
are incapable of inaugurating or maintaining an efficient circulation; 
they do, however, retard the dissolution of the vital centers. A 
cardiac excitant is called for. The extremely consistent stimulatory 
effect of epinephrin on the accelerator-augmentor mechanism of the 
heart, and its beneficial pressor effect on the circulation strongly 
favor its use in resuscitation. The entirely satisfactory results we 
obtained with this sympathomimetic amin made it unnecessary 
for us to experiment with any substitute. The dose and the site 
of injection most likely to restore the circulation had to be deter- 
mined. Concentrated solutions of epinephrin injected directly 
into the heart or into a vessel close to the heart often produce unto- 
ward phenomena, such as acute cardiac dilation, pulmonary edema, 
and ventricular fibrillation. Both for effectiveness and convenience, 
the most satisfactory site for injection was found to be a peripheral 
vein. Either the saphenous or femoral vein was used in the majority 
of our experiments. The intensity of tlie action of epinephrin 
varies with the state of the vascular system; when the latter is 
depressed, larger doses are required to elicit a given effect. Volatile 
anesthetics depress the circulation and diminish its response to 
epinephrin. In many of our experiments, as much as 0.1 cc. of 
1 to 1000 epinephrin per kilo was required to arouse the heart and 
restore tlie circulation of animals overdosed with etlier, chloroform 
or electric shock. In many cases, such an amount may prove 
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excessive; therefore, half this dose is advisable as the initial injection. 
If there is no response in three minutes, double this amount is intro- 
duced into the vein. Exceptions to the use of relatively large doses 
of epinephrin are a myocardium damaged by chloroform. The rise 
of blood pressure produced by excessive doses of epinephrin may be 
great enough to overburden the damaged cardiac muscle, and cause 
acute fatal dilatation of the heart. 

During cardiac arrest tlie circulation is at a standstill; a minute 
quantity of epinephrin injected into a peripheral vein is not carried 
to the heart by the natural circulation; it must be forced into the 
heart by the rapid injection of a small quantity of fluid. A wash of 
3 cc. of fluid in ■&e cat, and of 10 cc. in tlie dog was found adequate to 
drive the epinephrin to tlie heart. Emptying of the veins by their 
massage toward the heart assisted the movement of the epinephrin. 
Rhjdlimic manual compression of the chest wall causes indirect 
massage of the heart, and forces tlie blood witli its epinephrin 
through tlie coronary bloodvessels. In the "dead” animal, com- 
pression of tlie chest wall causes a rise of blood pressure demon- 
strable on a mercury manometer; Hie release of tliis pressure is 
followed by tlie return of tlie mercury to the zero level. This reac- 
tion is markedly modified after an effective dose of epinephrin has 
been administered. Compression of the chest wall then results in a 
considerably increased excursion of the manometer, and, on the 
release of the compression, tlie mercury in the manometer no longer 
falls to the zero line, t^lien this phenomenon has been achieved, 
the return of cardiac pulsation is imminent. The initial response 
of Hie circulation to Hie minimal effective dose of epinephrin is a 
rise of blood pressure to slightly above the normal, t^fiien necessary, 
an efficient circulation is maintained by means of an intravenous 
infusion of 6 per cent glucose solution, with or without the addition 
of very minute doses of epinephrin. The rate of the infusion is 
governed by the fluctuations of the blood pressure. A decided fall 
of the blood pressure demands an acceleration of the rate of infusion 
(which, however, should never exceed 3 cc. per minute), and the 
cautious administration of epinephrin. 

If a satisfactory blood pressure is maintained, no further treat- 
ment is required except the continuance of Hie artificial respiration. 
Hoivever, if the blood pressure tends to fall below the normal level, 
means must be taken to prevent a serious decline. Physiologic 
saline and Ringer’s solutions were tried, but we found neither as 
satisfactory as 6 per cent glucose. Our routine was to start a slow 
intravenous infusion of glucose, as soon as the blood pressure fell 
below' the normal level. If glucose failed to maintain Hie bloo 
pressure at a satisfactory height, small doses of epinephrin ivere 
administered repeatedly, or small amounts w'ere added directly to 
Hie glucose solution and run into Hie vein. We consider it important 
to maintain the blood pressure at an approximately normal level, 
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avoiding excessive doses of epinephrin.. Not only does epineplirin 
stimulate the heart, and raise blood pressure, but Schmidt and 
others have demonstrated the advantages of epinephrin as a respira- 
tory stimulant.^ Our experimental findings tend to corroborate 
their views. After the reinstatement of an effective . circulation 
an additional injection of epinephrin would often produce a marked 
rise of blood pressure which was immediately followed by spontane- 
ous breathing. 

Depending on the condition of the animal, a variable length of 
time elapsed between the restoration of the circulation and the 
appearance of spontaneous respiration. Artificial respiration is 
interrupted at intervals to ascertain when voluntary inspiratory 
gasps occur; it is then cautiously discontinued until normal respira- 
tory movements take place, when it is permanently stopped. Nat- 
ural breathing is followed by a rapid return of the reflexes, and 
subsequently of voluntary movements and of consciousness. Some- 
times it is impossible, with the known means, to reinstate the respira- 
tion, even after a normal circulation is established. We are there- 
fore making a comparative study of respiratory stimulants. 

Summary. The order of treatoent that proved most reliable in 
resuscitating animals killed by ether, chloroform or electric shock 
may be summarized as follows; 

Place the animal immediately in shock position. Begin artificial 
respiration by manual compression of thorax until the trachea is 
catheterized or cannulized. Mechanical artificial respiration is then 
instituted. Apply the abdominal binder. These procedures require 
not more than 2 or 3 minutes. Expose and cannulize the femoral 
vein, and connect it with the glucose reservoir. Inject epinephrin 
into femoral vein, and wash it to the heart by a small amount of 
glucose. Reinforce artificial respiration and massage heart indirectly 
by manual compression of the thorax. If the heart does not recover 
within 3 minutes, the epinephrin -and glucose are repeated. After 
the heart has begun to beat, blood pressure is maintained at a 
proper level by the slow intravenous drip of glucose, with or without 
epinephrin. Artificial respiration is reduced to a suboptimal level; 
when the animal gasps, artificial respiration is stopped and circula- 
tion is supported, if necessary, until consciousness is regained. 

Note. — Our thanks are due to Mr. B. King, of the Department of Physiology, 
for his cooperation and assistance. We are indebted to the American Telephone 
and Telegraph Company for the use of some of the electrical apparatus, and to 
Mr. P. "W. Spence, of the Experimental Department of the Company, for his kindly 
help. 
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THE SIGNIFICANCE OF THE BARGEN ORGANISM AS AN 
ETIOLOGIC FACTOR IN ULCERATIVE COLITIS.* 

By Henry A. Rafsky, M.D., F.A.C.P., 

CHIEF OP THE GASTnO-ENTEnOLOOIOAI. CEINtC, EENOX IIIEE IIOSPITAE, NEW YORK, 

AND 

Perry J. ALwiieims, M.D., 

BACTERIOLOGIST AND SBROLOGIST, LENOX HILL HOSPITAL, NEW TTOKK. 

(From the Gastro-EnterolOEical Clinic, and the Achclis Laboratory of the Lenox 

Hill Hospital.) 

In spite of the fact that Bargen* states that the probable etiologic 
factor in ulcerative colitis is a Gram-positive, lancet-shaped diplo- 
coccus which he has recovered after direct proctoscopic examination 
in SO per cent of 6S cases, the bacterial etiologj’ of this condition is 
still a matter of dispute. He also says tliat the organism can only 
be obtained by direct proctoscopic culture taken from the depths 
of an ulcer of the colon after the latter has been thoroughly cleansed 
by repeated washings and the top of the ulcer has been carefully 
wdped. Furthermore, cultures of stools failed to yield the organ- 
ism, though it predominated in cultures of the rectal discharge of 
mucus, pus and blood. The Bargen organism has certain distinct 
cultural and fermentative characteristics. The material obtained 
during proctoscopic examination is immediately cultured in warm 
dextrose brain broth, ^ blood agar and lactose agar and incubated 
for 24 hours. The organism thus isolated is a Gram-positive lancet- 
shaped diplococcus growing in twos and fours. A capsule has been 
observed, thus morphologically tlie organism resembles a pneumo- 
coccus. It is not bile soluble. 

In view of the conflicting opinions that have been expressed 
regarding the significance of the Bargen organism in ulcerative 
colitis, it was thought of interest to study the stools and procto- 
scopic scrapings in a group of 314 patients suffering from a variety 
of conditions. Approximately 20 per cent of the cultures were 
from material obtained during proctoscopic examination while in 
the remaining 80 per cent, cultures were made directly from the 
feces. Cultures of 4 stomach and 1 duodenal contents were also 
made. Bargen’s technique was followed, and in addition we streaked 
progressive dilutions on agar plates. The best results were obtained 
by following the Bargen technique. 

Statistically considered, the Bargen organism^ was encountered 
twice in 30 proctoscoped cases of ulcerative colitis. In this group, 
though definite evidence of -ulceration was found and cultures were 
taken from ulcerated areas, no.deep extensive lesions were seen. In 

* This investigation was made possible by a grant from the Curtis 0. Cooper 
Fund. 
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111 cases of spastic colitis of which 22 were proctoscoped and cul- 
tures made, and in 89 had stool cultures made, the Bargen diplo- 
coccus was found twice. In these cases no ulcers were revealed by 
proctoscopy. The Bargen organism was recovered from 2 of the 
22 proctoscoped culture cases. In the group of 173 miscellaneous 
cases of which 25 were • healthy individuals and the remaining 
148 suffered from a variety of diseases, 20 per cent of the cultures 
were taken from material obtained during proctoscopy. These 
cultures were entirely negative for the Bargen organism which was 
only recovered once in the miscellaneous group, and then from the 
stool of a patient with chronic arthritis having no history or clinical 
evidence of ulcerative colitis. The typical heat-resistant enterococ- 
cus was isolated from 306 cases in the entire series of 314 cases. 
(See Tables 1 and 2.) 

This table shows the varying fermentation reactions of different 
strains of the enterococcus and the Bargen diplococcus, without 
any essential differences between the two types. 



Table 1.— FERMENTATION REACTIONS. 




200 Strains op 

the Enterococcus. 




Lactose. 

Saccha- 

rose. 

Dex- 

trose. 

Mannite. 

Maltose. 

Inulin. 

90 strains 

+ 

+ 

+ 

— 

+ 

__ 

63 strains 

+ 

+ 

+ 

— 

— 

— 

19 strains 

+ 

+ 

+ 

+ 

+ 

— 

28 strains 

+ 

+ 

+ 

+ 

— 

— 


6 Strains of the 

Bargen 

Diplococcus. 




Lactose. 

Saccha- 

rose. 

Dex- 

trose. 

Mannite. 

Maltose. 

Inulin. 

4 strains 

+ 

+ 

+ 

— 

— 

— 

2 strains 

+ 

+ 

+ 

-t- 

— 

— 

+ 

= Acid 


- 

= No reaction. 



Table 2.— DISTRIBUTION OF ENTEROCOCCUS AND BARGEN 

DIPLOCOCCUS. 

30 Ulcehative Colitis Cases. 

Feces Cultures Proloscoped Cultures, 30 

None made Enterococcus, 2S 

Bargen diplococcus, 2 


111 Spastic Colitis Cases. 

Feces Cultures, 89 Protoscopcd Cultures, 22 

Enterococcus, 89 Enterococcus, 20 

Bargen diplococcus, 0 Bargen diplococcus, 2 


173 Miscellaneous Cases. 


Feces Cultures, 132 
Enterococcus, 123 
Bargen diplococcus, 1 
No enterococcus or Bargen, 8 
Stoynach Cultures, 4 
Enterococcus, 0 
Bargen diplococcus, 1 


P/otoscopcd Cultures, 36 
Enterococcus, 36 
Bargen diplococcus, 0 

Duodenal Contents Cultures, 1 
Enterococcus, 0 
Bargen diplococcus, 0 


In 1 specimen of stomach contents cultured, from a case of carcinoma 
of the cardiac end of the stomach, an organism corresponding in 
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all respects to the Bargen diplococcus, was recovered. Stool cul- 
tures of the same case did not reveal this organism. 

The results which have been presented in the previous paragraphs 
are at considerable variance with those recorded by Bargen. Gram- 
positive lancet-shaped diplococci found in cultures taken as pre- 
viously described have also been called Micrococcus ovalis, Entero- 
coccus and Streptococcus fecalis^ and must be differentiated from 
the so-called Bargen strain by more than microscopic appearance. 
We experienced no difSculty in isolating the Bargen organism in 
the cases in which it was found, either by plating after preliminary 
culture in dextrose brain broth, or by fishing the small colonies 
from successive streaked plates. We do not belie\'e, therefore, that 
in the series of ulcerative colitis cases the Bargen diplococcus was 
present and not recovered because of some technical error. We 
were also able to isolate the Bargen organism from occasional cases 
of nonulcerative colitis. No organism was classified a Bargen diplo- 
coccus unless it corresponded to the cnltural, fermentative and heat- 
resistant characteristics described by Bargen. 

In our experience the enterococcus is practically a constant inhab- 
itant of the colon. All of the strains recovered by us fermented 
lactose, dextrose and saccharose, while there was no constancy as 
to their reaction on mannite or maltose. The Bargen diplococci, 
when isolated, were found to have similar sugar reactions to the 
enterococci. 

The strongest point in differentiation between the enterococcus^ 
and the Bargen diplococcus is the heat-resistance test. The entero- 
coccus is still viable at the end of one hour of heating to 60° C., 
while the Bargen strain is killed at the same temperature. The 
Bargen diplococcus seems to be representative of a number of strains 
of the enterococcus group. 

In a series of animal experiments Bargen® injected 169 rabbits 
intravenously. Of these animals 56 developed lesions and only II 
of the 56 had received intravenous injections of the Bargen organ- 
ism. The other 46 had received mixed cultures of a Gram-negative 
bacillus ("in all essentials a colon bac)llus”~Bargen does not defi- 
nitely identify this organism) and the Gram-positive diplococcus. To 
quote Bargen, “ The lesions in the main were more extensive and the 
diarrhea more severe in those that had received mixed cultures of 
the Gram-positive diplococcus and the Gram-negative bacillus. 

We have repeated Bargen’s animal work on a much smaller 
number of animals. Five rabbits which were fed 'on a_ normal diet 
were injected as follows: 2 received intravenous injections of 4 cc. 
of a 24-hour dextrose brain broth culture of the Bargen diplococcus, 
and 2 a 24-hour culture of the enterococcus. The fifth rabbit was 
kept as a control. The injected rabbits remained healthy, gained 
weight and at no time showed evidence of diarrhea or other symp- 
toms. At autopsy, 4 weeks after injection, they showed no gross 
anatomic or microscopic lesions. 
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In another experiment 10 rabbits were fed for 2 weeks on vitamin- 
free food (crushed autoclaved oats and water) according to the 
method of McCarrison.® Four of these rabbits were then injected 
intravenously with 5 cc. of a 24-hour dextrose brain broth culture 
of the Bargen diplococcus and 4 rabbits were similarly injected with 
5 cc. of the enterococcus. Two were kept as controls. ' 

None of these injected rabbits exliibited any diarrheal symptoms. 
Two of the 4 injected with the enterococcus died 10 days after 
injection, apparently from starvation as did also one of the control 
animals. The remaining 7 rabbits showing loss of weight and symp- 
toms of malnutrition still being alive at the end of 3 weeks from 
the time of injection, were then killed and autopsied. In none of 
these 10 rabbits was there any evidence of intestinal ulceration or 
gall bladder disease and neither gross anatomic or microscopic sec- 
tions of the organs showed any significant lesions. Bargen,^ inject- 
ing 9 rabbits that had been fed on a vitamin-free diet (“crushed oats 
and water or autoclaved rice, according to the method of McCarri- 
son”) with 5 cc. of dextrose brain broth culture of the Bargen 
diplococcus, was able to demonstrate lesions in the colon. Of these 
9 rabbits all were dead within 5 days. Eight had lesions of the 
colon ranging from submucous hemorrhages to minute ulcers, and 
3 of the 8 had empyema of the gall bladder. 

We do not believe that the work reported by Fradkin and Gray^ 
has any clinical significance due to the huge amount of organisms 
(40 to 50 cc. dextrose brain broth cultures of the Bargen diplo- 
coccus) injected intravenously into their animals over a period of 
from 5 to 7 days. Furthermore they do not mention using any 
control animals or control organisms. 

Torrey,® in a personal communication to one of us, expresses the 
same opinion, that the Bargen diplococcus seems to be an atjqjical 
member of the enterococcus group. 

Conclusions. The Bargen diplococcus is a strain of the entero- 
coccus group. It is not regarded as the specific factor in ulcerative 
colitis since it is not found in every case of this disease and in our 
experiments not even in a majority of the cases. It can be recovered 
from cases showing no ulcerative lesions of the colon. 

The Bargen organism was recovered in cases of ulcerative colitis 
and nonulcerative colitis; from the stomach contents of a patient 
with gastric carcinoma and from the stool of a patient with chronic 
artlwitis. 

The clinician should remember that every Gram-positive, lancet- 
shaped diplococcus reported found in the stools or from proctoscopic 
cultures is not necessarily a Bargen organism. Fermentation reac- 
tions, and most important of all, the heat resistance test must be 
employed before the identification can be made. 

Note. — We are indebted to Miss Rita Guggenheimer for technical and biblio- 
graphic assistance. 



256 


ornsteen: laurence-biedl syndrome 


REFERENCES. 

1. Bargen, J. and Arch, H. L.: The Etiology of Chronic Ulcerative Colitis, 
Repr. Arch. Int. Med., 1925, 3G, 818. 

„ 2. Roscnow, E. C.; Studies on Elective Localization; Focal Infection Mth 
bpecial Reference to Oral Sepsis, J. Dent. Res., 1919, 1, 205. 

3. Torroy, J. C.; A Comparatively Simple Technic for Bacteriological Study of 
Fecal Material, J. Infoo. Dis., 192G, 39, 351. 

4. Houston, X., and McCloy, J, M. : The Relation of the Enterococcus to “Trench 
Fever” and Allied Conditions, The Lancet, 1916, 2, G32. 

5. Bargen, J. A.: Experimental Studies on the Etiology of Chronic Ulcerative 
Colitis, J. Am. Med. Assn., 1924, 83, 332. 

6. McCarrison, Robert: Studies in Deficiency Diseases, Oxford Med. Publications, 
Frowdo, Hodder and Stoughton, 1921. 

7. Fradkin, W. Z., and Gray, I.; Chronic Ulcerative Colitis: Report of Vaccine 
Therapy, J. Am. Med. Assn., 1930, 94, 849. 

8. Torrey, J. C.: Personal communication, January 24, 1930. 


A CONTRIBUTION TO THE PATHOGENESIS AND HEREDITY OF 
THE LAURENCE-BIEDL SYNDROME PYSTROPHIA 
ADIPOSO GENITALIS, RETINITIS PIGMENTOSA, 
MENTAL DEFICIENCY AND POLYDACTYLISM). 

Report of Three Cases in One Paivhlt, 

By a. M. Ornsteen, M.D., 

ASSOCIATE IN NEOnOPOOT IN THE HNIVEBSnT OF FENNSYPVANIA 3IEPICAP SCHOOP, 

PHimUDEPFHlA. 

(From the Neurologioal Department of the University of Pennsylvania Medical 
School and the Philadelphia General Hospital.) 

Dystrophia adiposogenitalis, or Froehlicli’s syndrome of obesity 
and hypogenitalism, is well recognized. It is usually referred to as 
a state of hypopituitarism, signifying that the pituitary gland is at 
fault. In support of this idea are the many instances of pituitary 
tumors producing this symptom complex. On the other hand, the 
syndrome occurs in cases where there is no recognizable hypophyseal 
disorder per se. In this category belongs the familial form of 
Froehlich’s dystrophy associated with other hereditary and con- 
genital defects, such as retinitis pigmentosa, mental deficiency and 
polydactylism. For this clinical picture the name of Laurence- 
Biedl syndrome was suggested by Solis-Cohen and Weiss.® _ The 
constancy of the association of these phenomena is of striking inter- 
est because it suggests that obesity and genital atrophy may be 
inherited genotypic defects, as are the o^er anomalies found in 
this condition, namely, supernumerary fingers and toes, retinitis 
pigmentosa and mental deficiency. Since the latter 3 conditions 
occur as isolated defects it may be possible that obesity, with or 
without genital deficiency, may also occur as a single inherited 
typic defect. It is the purport of this communication to add 
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3 cases of this syndrome to the 42 recorded in the literature and to 
discuss the pathogenesis and heredity of the disordered mechanisms. 

The first paper on the subject appeared in 1866 by Laurence and 
Moon/ in which they describe 4 members of 1 family who showed 
pigmentary degeneration of the retina, adiposity, genital dystrophy 
and mental deficiency. Three of the cases showed imperfections of 
bony and muscular development producing defects in gait. The 
authors compared the patients to cretins because of their mental 
deficiency and they recognized the retinal changes as but a part of 
a general developmental failure. 

In 1920 appeared the thesis of Georges Bardet- on a syndrome of 
congenital obesity associated with polydactylia and pigmented 
retinitis, in which he describes the case of a girl aged 11 years. He 
also reviews a case report in 1898 by DeCyon and refers to 2 cases 
in brothers reported in 1913 by Fames. Bardet concluded that this 
syndrome was due to a lesion of both lobes of the pituitary gland 
during the period of embryonal or fetal development. 

Biedl’s paper® in 1922 discusses the syndrome as a distinct one 
and characterizes it as consisting of obesity, genital hypoplasia, 
atrophy of the optic nerve with pigmental degeneration of the 
retina frequently of atypical form, with hemeralopia or night- 
blindness, polydactylism and inhibition of the mental processes. 
Two cases in a brother and sister are reported, both Having all of 
the aforementioned symptoms. Four other members of the same 
family were normal; 2 others died in infancy, both of whom showed 
polydactylism and who might have shown the complete picture 
had they lived. A third case in another family is referred to. Biedl 
states that since the Roentgen films of the sella turcica were normal, 
the disease is not of hypophyseal origin properly speaking, but of 
cerebral origin, the lesion being a disturbance of development of 
the diencephalon in the region of the infundibular area. In 1924 
Raab,^ from Biedl’s Clinic, using the above cases of Biedl in a con- 
sideration of hypophyseal and cerebral obesity with genital atrophy, 
discusses the physiopathology from a mechanical standpoint. He 
envisages a functional unit in the form of a hypothalamic-infundib- 
ular-hypophyseal complex, in which the pars intermedia of the 
pituitary gland furnishes a secretion. The secretion passes thi’ough 
the posterior lobe and the infundibular stalk to the floor of the third 
ventricle where certain metabolic and genitotrophic centers are 
energized. The mechanical factor is in the form of an obstruction 
to the flow of the secretion through the stalk by an unusually high 
or massive dorsum sellse. He states that Biedl has referred to this 
factor as a strong possibility in the production of cerebral obesity 
and genital atrophy. He considers the dorsum sellse defect as a 
skeletal anomaly similar to that of polydactylism. In addition to 
this theory Raab considers two others, namely, congenital hypoplasia 
of the hyjDophysis and internal hydi'ocephalus. 
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From their impressions of the above-mentioned literature and 
•personal contact with Biedl, Cohen and Weiss/ in 1925, proposed 
the name of tlie Laurence-BiedI syndrome. They recorded 4 cases 
in one family of 8, wlio exliibited marked adiposity with mental 
deficiency, genital dystropliy and diminution of vision. Two of the 
affected children showed polydactylism; the eye grounds showed a 
typical retinitis pigmentosa. In their discussion they state that an 
hyirophyseal lesion cannot be proved; that Roentgen ray examina- 
tions of the sella region do not show conclusive changes. No 
anomaly of osseous development is found (except polydactylism). 
Sugar tolerance tests do not indicate pituitary disease. Basal 
metabolic studies were belo^v normal in 3 of the children. Parents 
and children gave negative Wassermann reactions. Cohen and 
Weiss refer to Raab's ideas as most attractive, but prefer to keep 
an open mind on the pathogenesis of the syndrome. until more 
conclusive evidence is presented. 

Bernhardt,® in 1928, states that only about 20 positive observations 
of this’ sjmdrome have appeared in tlie world’s literature. He 
reports 2 new cases in brothers aged 16 and 10 years respectively. 
Both boys had visual impairment from the age of 18 months and 
a Froehlich’s type of adiposity wdth hypogenitalism. One had poly- 
dactylism and a permanent severe nystagmus; the other a pro- 
nounced tower-shaped slcull, unilateral cryptorchidism, genu valgum 
and severe nystagmus. The latter also had positive evidence of a 
moderate degree of diabetes insipidus. Sellar Roentgen rays were 
negative; basal metabolic rates were normal. In the summary he 
states that these cases present a primary disturbance of develop- 
ment, the principal seat of which must be looked for in the hypo- 
physis, midbrain and optic nerve region complex. In accord with 
Biedl, he considers tliis syndrome as a special case of the so-called 
cerebral form of the Froehlieh adiposogenital dystrophy. He 
mentions a case report of von Jaksch in 1912. 

In the same year appears Boenheim’s' contribution in which he 
adds to the cardinal characteristics of tlie syndrome, hardness of 
hearing, malformations other than polydactylism, and perhaps 
cutaneous pigmentation. He states that psychical disturbances 
belong to the classical picture, especially in the form of dementia, 
and were observed by him in some of the cases, whereas in others 
it was absent. Boenheim accepts the tenets of Biedl and Raab as 
probable causative factors. He reports 4 cases, 2 of which were 
femilial. One brother had adiposity, polydactylism, arrest of 
mental development and acromegalic tendencies of the hands and 
feet; he was aged 28 years. The other brother, aged 36 years, had 
hemeralopia with retinitis pigmentosa, genital hypoplasia, 
retardation, but was small and slender. The author remarks that 
the entire clinical picture in these 2 cases could be elucidated only 
through connection of each case noth tlie other. 
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A third paper appeared in 1928, that of Ricaldoni and Isola.^ 
Four more cases are' described in one family ranging in age from 
12 to 21 years. All of the cardinal manifestations were present in 
the 4 cases and the impaired vision began in each one at a very early 
age. In 1 child there was a moderate degree of hemiatrophy of 
the enthe body. All 4 were very timid, very emotional and of 
poor intelligence. Serologic and urine tests were all negative. 
Roentgenograms of the skulls in all 4 patients showed a small sella 
turcica with very long clinoid processes covering the sella dike a 
roof. There was no retardation of ossification or fusion of the 
epiphysis of the long bones. The family history was very inter- 
esting. The parents were first cousins and apparently healthy. 
Ancestrally, there were several blind individuals in the maternal 
line and several obese ones in the paternal line. There were 4 
unaffected children in the present family, but 1 died seven days 
after birth and had an imperforate anus; another had a distended 
abdomen and died 2 days after birth; a third was a stillbirth. The 
authors, judging from the smallness of the sella turcieas, reason 
that the lesion is in the hypophysis. But, they say, if the malfor- 
mation of the sella was the primary cause of the condition, it would 
have been found in the other reported cases, and this has not always 
been true. They emphasize the familial character of the disease 
and say that direct transmission of the syndrome has not been 
seen because the patients are almost all of necessity infertile. It 
is their opinion that the adiposogenital dystrophy is the primary 
and necessary symptom of the syndrome; the retinitis and poly- 
dactylia are not necessarily present and that there are formes 
frustes without one or both of them. The most incomplete form 
is that with adiposogenital dystrophy alone, which is a dysplasic 
congenital form of the dystrophy as opposed to the purely acci- 
dental type of Froehlich-Babinski. And one of the characteristics 
of the congenital form is that it is usually associated with retinitis 
and polydactylism, showing that it is embryonic in origin, while 
accidental dystrophy is generally accompanied by symptoms show- 
ing irritation or compression of the brain or the region adjacent to 
the hypophysis. 

A paper by Rieger and Trauner,® in 1929, is entitled “A Case of 
Biedl-Bardet Syndrome and the Hereditary Relations of This Con- 
dition.” Their case presents in brief the following features: A girl, 
aged 6 years in 1925, showed marked adiposity, retinal degeneration 
and hjTDerdactylia, infantile genitalia, normal mentality, hyper- 
extensibility of the wrists; medium-sized normal sella. Consanguin- 
ity in the parents is present. An older child developed multiple 
sclerosis; a younger one died at 6 months, was fat and had a super- 
numerary toe. A number of fat people exist in both branches of 
the family. These authors do not accept the theory of hj^Dophyseal 
secretory disturbance of previous authors, nor that of cerebral 
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disease with primary changes in the skeleton expounded by Biedl 
and Raab. They believe the disease is genotj>pic in nature. This 
is confirmed by the fact that in each case the three main symptoms 
of tire syndrome are characteristic, each one of them being of an 
hereditary nature. 

deSchweinitz,io in his Bowman lecture, speaks briefly of the 
association of pigmentary degeneration of the retina with pituitary 
diseases and polydactylisiri. He mentions 3 cases of this character 
that he has himself observed. A case of Chaillous” is interesting 
because a girl, aged 4 years in 1914, with enormous obesity, poly- 
dactylia and defective vision, had normal eye grounds, but in 1919 
the evidence of retinitis pigmentosa Avas found. Roentgen ray of 
the sella was normal. Chaillous mentions a case reported by 
Bertolotti in 1914. McAlpine** describes a case of a boy aged 16 
years, showing all of the characteristic phenomena. A brother and 
sister affected by this condition are reported by Beck;‘® and Lisser” 
reports the case of a girl, aged 8 years 

Serejski,i5 contributing to tlie Biedl Jubilee number dedicated to 
Dr. A. Biedl on the occasion of his sixtieth birthday, uTites of the 
Laurence-Biedl syndrome and reports a case. He attempts to 
include this sjmdrome in the same group of heredodegenerations 
in which amaurotic family idiocy belongs. Other case reports have 
been made by Denzler,'® DeusclV’ Lange*® (4 cases), von Ratner*® 
and Bauer.'® In the ancestry of Deusch’s case, a paternal uncle 
had polydactylism and several others in the father’s family exhibited 
adiposity. 

Beport of Cases. Case 1 . There are 6 children in this family, 3 of whom 
are affected with the condition under consideration: Milford, aged 12 years, 
the second born; Margaret, 2^ years, the fifth born; Helen, IJ years, the 
last born. They are very obese, mentallj'^ retarded and hemeralopic, but 
they do not have polydactylism. The birth was uneventful in each instance 
and there occurred no infectious illness or convulsions in infancy. 

Milford weighed 8 pounds at birth and at 3 months weighed about 
10 pounds more than he should. At this age he apparentlj'^ observed objects 
as a normal child and did not manifest ewdence of impaired \dsion until 
about the fifth year. Gain in weight has been constant, at present he weighs 
140 pounds. Visual impairment is very marked and he has the sjmptom 
of night blindness (hemeralopia). He can read ordinary print, holding the 
page about 8 inches away, but only in bright daylight. He has no difficulty 
in finding his way in daylight or in a brightly-lit room, but on entering a 
diml 3 ’--lit corridor he gropes about because he cannot discern objects about 
him. It goes without saying that he has the greatest difficulty in finding 
his way at night. He is mUd-mannered, quite stable emotionally but is 
mentally retarded, lacking the spontaneity and ready responsiveness of a 
boy aged 12; there is no qualitative mental defect, however. Evidence of 
poBmria, poljffiipsia or excessive appetite is lacking. (Figs. 1 and 2.) 

The obesity is of the Froehlich type. The abdomen is rounded and pro- 
tuberant with increase of girdle and suprapubic fat. The breasts are very 
prominent; the proximal portions of the extremities are well-rounded as m 
the female and there is a marked degree of genu Amlgum and pes planus. 
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The genitals are extremely underdeveloped and truly infantile; the scrotum 
is very small and without the normal contents; testes could not be palpated 
in the inguinal canals. There is not a trace of axillary or pubic hair. Pupils 
and extraocular movements are normal but with a fine nystagmus laterally. 
The optic disks are grajdsh; the vessels of the fundus are reduced in size. 


Fig. 1. — Case 1. Showing Froehlich type of adiposity. 

The retinse show a pigmentary degeneration of atypical character with 
uncovering of the choroidal circulation. Vision is 0. S. 5/100, 0. D. 5/150. 
The sella turcica is normal in all respects, measuring 10 mm. by 6 mm. The 
deep and superficial reflexes are normal. The blood and urine studies were 
entirely negative; sugar tolerance test and basal metabolic rate were normal. 
Water intake and output were not abnormal and blood Wassermann was 
negative. 




Fig. 2. — Case 1. Showing hypogenitalism. 


Case 2. In Margaret the visual defect was suspected and looked for 
earlier because of the parents’ experience with the first case. It was noted 
that in the third or fourth week after birth the child’s visual attention could 
not be held and that its ej^es flitted about more than in the normal children 
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and that the pupils were very large. She slept more than did the normal 
children. _ She has not learned to walk. The obesity is extreme, the fat 
hanging in folds around the tounk and limbs. Margaret is so unwield}'- 
looldng that one is not surprised to hear that she prefers to remain in a 
sitting posture for hours rather than move. There is a definite mental 



Fig. 3. — Roentgen ray of sella turcica in Case 1, showing no gross deviation from 

normal. 

defect recognizable even at this early age. She is afraid of strangers and 
becomes panicky when approached or spoken to. She will not answer 
except when one refers to food, then she wall nod her head. Her appetite 
is excessive and the intestinal evacuations are almost of adult quantity. 
Polyuria and po^dipsia are not present. The retinal and optic nerve 



Fig. 4. — Cases 2 and 3. 


changes are similar to those present in Milford. A moderate nystagmus is 
obsen''ed; sella turcica is normal and aU blood and urine studies are negative. 

Case 3. The visual defect in Helen was observed from birth and it is 
stated that her eyes were more restless than in the other two. The pupils 
were dilated from birth. The atypical retinitis pigmentosa is also present. 
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Her adiposity is even greater than that of Margaret. At, 12 months she 
looked like a 2-year-oId because of her size. The fat hangs in folds about 
her bod.y and limbs. The same mental and emotional defect is observed 
as in Margaret. The clinical studies were also negative as in the other 
2 cases. The question of genital development could not be determined in 
the younger cases at their present ages. Their vision could not he tested 
for the same reason. Roentgen examination of all 3 cases showed no change 
in -osseous development. No other congenital anomalies or defects were 
observed. (Mg. 4.) 

The 3 normal siblings are a 16-year-old boy who is small in stature and 
not fat; a lO-year-old girl, normal in size, vision and intellect; a 5-year-oId 
bo 3 ^, light in weight. The family history is interesting in that several 
paternal ascendants have been overweight and tall; a grand uncle weighed 
338 pounds and was 6 feet tall; the grandfather weighed 190 pounds and 
4 grand aunts and uncles each weighed about 200 pounds. But no one 
had visual, mental or developmental defects. There is no consanguinity 
in the parents. 

Discussion. Prom a critical review of the literature one is im- 
pressed wdth the fact that all of the observers are agreed that the 
syndrome of Laurence-Biedl is an hereditary and familial disorder. 
That the symptoms pf hemeralopia (retinitis pigmentosa), the poly- 
dactylism, the feeble-mindedness and the less frequent anomalies 
reported are unquestionably inherited defects of genotypic char- 
acter. But unanimity of opinion as to the nature of the adiposo- 
genital dystrophy is lacking. It was natural for the earlier observers 
to look to the hypophysis for the explanation, namely, Bardet; a 
lesion of both lobes of the pituitary gland during the period of 
embryonal or fetal development. Since the roentgenographic sella 
turcica findings have not been grossly or constantly abnormal except 
for the occasional finding of a massive and high dorsum sellse, Biedl 
and Raab did not feel that the hypophysis w'as at fault. Instead, 
they suggested a dysfunction of the hypothalamic region due to the 
failure of the secretion of the pars intermedia of the hypophysis to 
reach the floor of the third ventricle to energize certain genitotrophic 
and metabolic centers because of compression and obstruction of 
the infundibular stalk by the high and massive dorsum sellm. Thus 
Biedl differentiated between a pituitary type and a cerebral (hypo- 
thalamic) type of Troehlich’s adiposogenital dystrophy. The 
anomaly of the dorsum sellm was considered as another expression of 
defect in the skeleton as the polydactylia. Timme^^ has expressed 
a similar thought when he stated that “such an anatomical charac- 
teristic, as defective conformation of the base of the skull, can be 
much better understood as bemg a unit factor in inheritance than 
can the complicated biochemical process leading to the superficial 
picture w^e see.” 

This theory is not sufficiently impressive to be accepted without 
further analysis. If the osseous anomaly be the unit factor condi- 
tioning the appearance or nonappearance of the fat and genital 
dystrophjq then the occurrence of the latter -would not be so constant 
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a feature of the syndrome, because the dorsum seilse is as often 
normal in these cases as it is abnormal. Also, sella malformations 
should in some instances interfere with the function of the entire 
hypophysis and occasionally produce other types of dyspituitarism 
such as dwarfism, gigantism or acromegaly which, however, are not 
parts of the Laurence-Biedl picture. Therefore, one must look to 
regions which characteristically give rise to disturbances of fat 
metabolism and hjT)ogenitalism, namely, the hypothalamic region 
of the diencephalon. 

In certain cases following epidemic encephalitis, dyspituitary 
syndromes—excessive adiposity, increased carbohydrate tolerance, 
genital dystrophy~are sometimes observed. The pathologic evi- 
dence that the pituitary gland is ever involved in epidemic enceph- 
alitis is very slender. On the other hand, with the well-known pre- 
dilection of the virus of epidemic encephalitis to involve the gray 
matter of the midbrain, the nuclei of tlie hypotlialamus might well 
be involved. Urechia and Elekes*^ examined the brain of a case 
of adiposogenital dystrophy with polyuria and found a marked 
internal hydrocephalus and sclerotic foci of an old encephalitis in 
the hypothalamus. The hypophysis was normal while the tuber 
cinereum was compressed and thinned by the intraventricular 
tension, and the nuclei of this region showed marked cellular lesions. 

Recent research has indicated tliat many symptoms formerly 
ascribed to a lesion of the pituitary body itself may result from 
lesions involving the closely related hypothalamic region of the 
brain. Camus and Roussy-’ claim to have produced typical dys- 
pituitary syndromes in dogs by injury to the tuber cinereum above 
the pituitary glands, the latter being left intact. Similar results 
were obtained by Aschner^'^ and Bailey and Bremer”^ indicating, as 
first suggested by Erdheim, that a disturbance of the hypothalamus 
may be the cause of many of the symptoms attributed to pituitary 
derangement. Roussy^® states that certain tuber nuclei regulate 
the fat, others the sugar and water metabolism; their lesion is 
followed by Eroehlich’s syndrome, which could not be produced by 
removing the hypophysis without a lesion of the tuber cinereum. In 
his experiments on 149 dogs and 46 cats, Roussy has checked up 
earlier publications and has found new facts which support his 
conception of the role of the vegetative centers of the region of the 
tuber cinereum. 

The occurrence of obesity after experimental lesions confined to 
the hypothalamus has been observed by many workers. Gournay 
and LeGrand present evidence that the paraventricular nucleus is 
the structure damaged in animals developing^ obesity. Genital 
atrophy is usually associated with obesity which results from a 
hypothalamic lesion. Camus and Roussy contend that obesity 
never results from a lesion confined to the pituitary gland, but is 
always due to a lesion of the tuber cmereum, but as Cushing points 
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outj it is difficult to believe that the obesity associated with a 
pituitary tumor which remains absolutely confined within its dural 
capsule can possibly be produced in this way. Cushing and Haddock 
have shown that adiposity can be produeed by obstructing the 
infundibulum. 

In this somewhat controversial situation, Collin*'^ warns that, in 
his opinion, the overestimation of the vegetative centers in the 
hypothalamus without taking into consideration their correlation 
with the hypophysis will prove as one-sided as was the former 
endocrinologic point of view. This advice is partieularly striking 
when we recall that the posterior lobe of the pituitary is develop- 
mentally a protrusion of the tuber cinereum, and that in the fully- 
developed animal nerve fibers are seen running from one to the 
other. It becomes, therefore, a justifiable speculation to consider 
both as parts of the same complex neuroglandular meehanism. 
If, therefore, the hypothalamus becomes, in certain instances, the 
seat of an embryonal developmental defect, then it is reasonable to 
expect a dysfunction of the neuroglandular complex under con- - 
sideration. 

The adiposogenital dystrophy of the Laurence-Biedl syndrome is 
of this order, the embryonal defect involving the diencephalon. In 
the development of the nervous system each stage is identified with 
the activity of certain specific genes. The genes eoneerned with the 
evolution of the ventral portion of the ectopic zone of Schulte 
surrounding the optic vesicles which gives rise to the hypothalamus, 
are abnormal. They are transmitted through the germ plasm and 
produce an inherited diencephalic defect as a unit character. 

The almost constant association of retinitis pigmentosa and 
feeble-mindedness with the Froelilich syndrome in the Laurence- 
Biedl picture is explained on this basis of a genetic defect of the 
prosencephalon. In the early stages of the neural tube the first 
segment of the encephalon is the forebrain (prosencephalon) . This 
division of the brain develops two large evaginations, the optic 
vesicles, from whieh are derived the retinge of the eyes. A narrow, 
circumferential area of the forebrain surrounds the optic vesicle on 
its dorsal, cephalic and ventral aspects and is called the ectopic 
zone, from the three areas of whieh the end brain together with 
the several parts of the interbrain take on form. From the dorsal 
area develop the epithalamus, thalamus, subthalamus and geniculate 
bodies of the diencephalon. From its ventral area the hypothal- 
amus takes origin. The cephalic area of the ectopic zone gives rise 
to the end brain. 

The optic vessels gradually become the optic cup and stalk which 
retains connection with the ventral segment of the ectopic zone. 
The stalk eventually serves as the framework through which the 
developing fibers of the ganglion cells of the retina pass to form 
the optic chiasm. The remainder of the ventral segment of the 
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ectopic zone gives rise to' the other ciiief constituent of the Jiypo- 
thalauuis, namelj'', the infundibular region from which differentiates 
the tuber cinereum including the bulbous infundibuli, infundibular 
process and stalk, the latei’al eminences and the postinfundibular 
eminence (Tilney and Riley-®). 

It is seen, therefore, that the development of the infundibulum, 
the optic chiasm and the retinal fibers is an intimate one in that the 
ventral segment of the ectopic zone gives origin to all of them. 
Therefore, a defect in the character of the genes responsible for 
the laying-down of the various steps in the evolution of the ectopic 
zone in its ventral segment may result in an abiotrophic condition 
of the infundibulum, optic nerves and retinm. The infundibular 
defect results in the Froehlich picture, the chiasmatic defect pro- 
duces the optic atrophy, and tlie pigmentary degeneration of the 
retina is explained not by abnormal ganglionic-cell development 
but through involvement of certain fibers in the optic chiasm. The 
authority for this statement is the following from Tilney and Riley:®® 
“Not all of the fibers of the optic cliiasm are afferent in their comse, 
some being efferent from the visual cortex as well as from the 
superior colliculi. To these fibers has been attributed the function 
of governing chemical changes which occur in the retina and also 
movements in certain elements of the retina, the retinal pigment 
cells.” Ranson®® states that “the optic nerve also contains some 
efferent fibers which terminate in the retinre. (Arey, 1916.)” 

Since the cephalic segment of the ectopic zone gives origin to the 
end brain, it may be that the defect in intellectual development is 
a part of this segmental embryonic deficiency. 

The relatively new sciences of genetics and experimental embry- 
ology have advanced positive and inescapable experimental evidence 
proving that the chromosome is a structure composed of many 
diverse parts, each part or gene having a definite effect on develop- 
ment and therefore, a definite effect on the characteristics of the 
individual produced. Much of this evidence has come from the 
investigations on the common fruit fly. Drosophila melanogaster, 
the organism whose heredity is best known. It has been found that 
at least 50 pairs of genes cooperate to produce the normal red color 
of the eye; if any one of these 50 genes is altered, or is defective, the • 
eye color will be diverse from the normal. The same situation 's 
found for all characteristics. Another defective gene in Drosophila 
causes the animals to produce reduplicated legs. This is due to a 
gene in the X-chromosome, so that the abnormality shows sex- 
linked inheritance. A modified gene in the X-chromosome near its 
left end, causes the fruit fly to grow to nemly twice the size of 
ordinary Drosophilas; individuals without this gene do not become 
giants, no matter how well fed. (Jennings.)®^ 

In man, differences in body-build (stoutness and slenderness) are 
often due to gene differences (Davenport).®® Structural abnorma - 



ORNSTEEN: LAU105NCE-BIEDL SYNDROME 


267 


ities of certain kinds are usually or always due to gene peeuliarities 
such as polydactylia. Therefore, from, the vieYTioint of genetics, 
single unit characters such as polydactylia, mental deficiency, 
obesity, thinness, color blindness, deafness, retinitis pigmentosa, 
and others, are readily conceived as inherited traits. But when 
several occur together often enough to be considered as a distinct 
clinical entity, one must explain the association either as a chance 
coupling of unit characters or on the basis of a genetic defect involv- 
ing a developmental center of wider and more far-reaching influence. 
This is the case in the Laurence-Biedl syndrome. The adiposo- 
genital dystrophy, retinitis pigmentosa and mental deficiency are 
related to a genetic defect of the ectopic zone in its cephalic and 
ventral segments; in other words, a cerebral genotypic unit charac- 
ter. The polydactylia, skull deformities, atresia atii and other 
occasional anomalies are present only throngh the accidental 
coupling of somatic genotypic unit characters. 

Summary. 1. Adiposogenital dystrophy, retinitis pigmentosa 
and mental deficiency are the most constant phenomena of the 
Laurence-Biedl syndrome in the order given; polydactylism is next 
and other anomalies of development last. 

2. This form of Froehlich’s dystrophy is considered herein to be 
a genotjTDic inherited unit character defect, because the associated 
symptoms of the Laurence-Biedl syndrome are found oceurring as 
isolated manifestations of the same order. 

3. The frequent association of the first three elements of the 
syndrome is explained on the basis of a developmental defect of 
the ectopic zone'of the prosencephalon, for the embryological reason 
that the hjqjothalamus (infundibulum) and the optic chiasm take 
origin from the ventral segment and the end brain from the cephalic 
segment of the ectopic zone of Schulte. 

4. The other developmental anomalies, namely, polydactylism, 
skull deformities, atresia ani, and others, appear because of the 
coupling of somatic genotypic defect characters with the cereljral 
units characters mentioned above. 
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CEREBRAL ADIPOSITY WITH NERVE DEAFNESS, MENTAL 
DEHCIENCY AND GENITAL DYSTROPHY: A VARIANT 
OF THE LAURENCE-BIEDL SYNDROME. 

By Edward Weiss, M.D., 

PHinADEnrHiA. 

(From the Department of Medicine, service of Dr. Thomas McCrae, Jefferson Medical 
College Hospital, Philadelphia.) 

In 1925 Solis-Colien and Weiss* reported 4 children of one family 
who exhibited marked adiposity with mental deficiency, genital 
dystrophy and diminution of vision due to retinitis pigmentosa. 
Anotlier anomaly, polydactylism, was present in 2. The fat dis- 
tribution was of the Frohlich type. Roentgen ray examinations 
of the sella region did not show conclusive clianges nor in any otlier 
way could a pituitary lesion be proved. Four unaffected children 
in the same family were entirely normal. 

Search of the literature revealed a remarkably similar family 
group reported by Laurence and Moon* in 1866. Many years later 
(1922) similar cases were recognized as a syndrome by Biedl.^_ In 
this and a subsequent communication* he discussed the condition 
as a familial form of dystrophia adiposogenitalis of cerebral rather 
than pituitary^ origin. 

Because of the original description by Laurence and Moon and 

* Personal communication, 1924, 




Fig. 1. — Normal, or possibly slightly smaller than normal sella. 



Fig. 2. — Normal osseous development in hands and uiists. 
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tlie elaboration as a distinct cerebral obesity syndrome by Biedl 
the name Laurence-Biedl syndrome was suggested for the condition. 

Many cases of the fully developed syndrome have sinee been 
reported (the total is now 45), a complete bibliography of which is 
included in an excellent article by Ornsteen,^ who adds 3 cases in a 
contribution to the pathogenesis of the syndrome. Another case 
recently has been described by McCrae and Weiss® and in a separate 
article made tlie basis of a discussion of pathogenesis and treatment 
by Weiss.® 

The present report has to do with 2 cases in sisters who present 
cerebral obesity, mental deficiency, nerve deafness and. genital 
dystrophy, apparently a variant of the Laurence-Biedl syndrome, 
in which deafness takes the place of retinitis pigmentosa. 

Case Reports. Case 1. — C. C., a white girl, aged 16 years, was first 
observed in 1924 because of defective hearing and retarded growth. She 
also was troubled at times by psoriasis. 

The family history was unimportant except that someone in the father’s 
famil}'- was said to have had 6 fingers. 

The patient was the youngest of 4 children, born slightly prematurely, 
but apparently a normal infant at birth. Teething, walldng and talking 
occurred normally. She had cluckenpox, measles and occasionally a head 
cold, but never suffered from sore throat. When the child was about 
6 years of age the mother noted that the hearing was poor and an adenoid 
operation was done. The hearing did not improve. She had rheumatic 
fever at 12; was in bed for 1 week and confined at home for 10 days. At 
the age of 13 she had an attack of paratyphoid fever. She had never gotten 
along well at school, had always been backward in her studies and at the 
age of 16 was in the 8th grade. She had never menstruated. 

She was 55| inches tall and weighed 109 pounds. The span was 54 inches. 
Symphysis to vertex measured 27| inches; symphysis to sole 27| inches. 
There was somewhat excessive girdle adiposity and the breasts were very 
large. There was very little hair on the genitalia and no hair in the axilla. 
There was psoriasis on the hands and feet. The tonsils were large and 
the postcervical glands were slightly enlarged; otherwise the general phys- 
ical examination gave no findings of importance. The eye grounds were 
normal, showing no evidence of retinal degeneration. 

Gynecologic examination showed a small and conical cervix and a retro- 
verted and antiflexed uterus. The diagnosis was genital hjiDoplasia of 
moderate degree. 

The ear examination showed evidences of bilateral clwonic catarrhal 
otitis media and marked loss of hearing due to nerve deafness. 

Eoentgen ray studies showed a sella possibly slightly smaller than 
average (Fig. 1). The bones of the skull otherwise were normal. No 
changes were observed in the bones of the forearms and wiists (Fig. 2). 
There was a possibility of slight tlijunic enlargement. Basal metabolism 
was 4-24 per cent. Sugar tolerance figures were 121 mg. before adminis- 
tration of glucose, 192 mg. at 1 hour and 123 mg. at 2 hours afterward. 
The blood Wassermann was negative. The urine was normal. Blood 
count was recorded as hemoglobin, 80 per cent; red blood cells, 4,650,000; 
wlfite blood cells, 14,000; the differential count showed pobmiorphonuclears, 
57 per cent; Ijunphocytes, 39 per cent, and monocytes, 4 per cent. The 
blood pressure averaged 110 systolic and 60 diastolic. Temperature, pulse 
and respirations were normal. The patient remained under observation 
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for about a year and a half and received th 3 'roid, pituitary and ovarian sub- 
stance during that period. Beneficial results were questionable. She did 
not increase in height; for a time the weight was sligbtlj" reduced, but later 
returned to the prewous level; scanty menses occurred on three occasions at 
very irre^lar intervals; there was a slight growth of hair over the genitals 
but none in the axilla. Hearing did not improve and there was no improve- 
ment in schoolwork. Toward the end of this period of observation tonsil- 
lectomy was performed with satisfactory convalescence but apparently 
without benefit to her hearing.* 

Case 2. — A sister, aged 26 years, likeudse presented adipositj', mental 
deficiency, deafness and insufficient menstruation. Like the other cliild 
she was born slightly prematurely. She weighed G pounds at birth. She was 
a delicate infant; teethed at the normal age; talked at about 14 or 15 months; 
and began walking at about 2_j’ears. Deafness was discovered at the age 
of 10 or n. Adenoid operations were performed at the age of 13 and 
again at 17. The mother thinks that the hearing improved slightly after 
the second operation. During infanej’^ and in childhood the mother states 
that this child had some sort of spells; her body would “stiffen out," but 
since menstruation she had had none of these attacks. Menstruation did 
not begin until about 17. It had been fairly regular but never sufficient in 
amount. She was operated on for appendicitis at the age of 20. She never 
got along well at school, was in the 6th grade at the age of 17 and then quit. 

She was 5 feet tall and weighed 142 pounds. There was a high-arched 
palate, girdle adiposity and very large breasts. The mother stated that 
she had ahvaj’s been stout and also mentioned that the difficulty in hearing 
was especiallj’ with the left ear and that this was true of the first child as 
well. This patient spoke rvith difficulty and had a kind of muffled speech. 
The general pl^sical c-vamination gave no findings of importance other 
than those mentioned. The patient presented herself only once and would 
not permit further study. 

The 2 middle cliildren of tliis family were slight. The hearing 
was good and they seemed perfectly normal. 

Discussion. From a study of our cases and a review of the liter- 
ature it seems clear that the Laurence-Biedl syndrome is a con- 
genital and familial form of cerebral adiposity associated with 
mental deficiency^ genital dystrophy, retinitis pigmentosa and 
frequently polydactylism. The recorded cases resemble one another 
very closely, a distinctive feature being the familial occurrence. In 
fact, Boenheim’^ states that cases can be placed in the Laurence- 
Biedl group only if familial. He also calls attention to the fact 
that one or anotlier of the chief symptoms may be absent and that 
not all cases show the complete picture of the Laurence-Biedl syn- 
drome as above described. In addition he mentions hardness of 
hearing as a cardinal characteristic of the syndrome.^ 

The early students of tlie subject considered a lesion of the pitu- 
itary gland responsible; Biedl and Raab^ discussed the development 
of the disoz’der from a mechanical standpoint suggesting Iha a 
high and massive dorsum sellm (a skeletal defect which they consi er 


* The patient was last heard from July. 1931. The height reinained 
weight, 124 pounds; hearing had not improved, and the menses stiii nere very 

irregular. 
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similar to tliat of polydactylism) interferes with the flow -of an 
energizing secretion from the pars intermedia of the pituitary gland 
through the stalk of the infundibulum to certain metabolic and 
genitotropic centers at the floor of the midbrain. 

Just as the main objection to the pituitary gland origin of this 
syndrome was the absence in many cases of any evidence that could 
be interpreted as pointing to a lesion of this gland, so the same 
objection holds to the Biedl and Raab hypothesis; no evidence of a 
high or massive dorsum sellie has been found in manj'^ cases of the 
fully developed syndrome. 

Ornsteen'^ offers a more satisfactory explanation based upon the 
embryologic development of the hypothalamic region of the dien- 
cephalon. He holds that a genetic defect of the prosencephalon 
(forebrain) is responsible for the adiposogenital dystrophy, retinitis 
pigmentosa and mental deficiency (a cerebral genotypic unit char- 
acter) and that the polydactylism, skull deformities, atresia ani and 
' other occasional anomalies are present only through the accidental 
coupling of somatic genotypic unit characters. 

Because of the occasional association of congenital (nerve) 
deafness with the Laurence-Biedl syndrome (Boenheim) and also 
because nerve deafness frequently acts as a mutual equivalent for 
retinitis pigmentosa in the hereditary transmission of the condition 
(Nettleship*) it would seem that the cases here recorded represent 
a variation of the Laurence-Biedl syndrome in which deafness takes 
the place of retinitis pigmentosa. One would be inclined, therefore, 
to seek the same embryologic explanation for both, namely, devel- 
opmental failure due to a genetic defect of the prosencephalon. 
However, nerve deafness cannot be explained on the same basis as 
the optic atrophy with retinitis pigmentosa; the entire inner ear 
including the otocyst (anlage of the cochlea, the definitive organ 
of hearing, and the ganglion of the auditory nerve) take their origin 
in the hindbrain rather than the forebrain. Nevertheless, there 
seems to be more to the association than a coupling of somatic geno- 
typic unit characters which is the explanation Ornsteen offers for 
the occurrence of unrelated anomalies in the Laurence-Biedl syn- 
drome such as polydactylism and atresia ani. Nettleship,® in a 
thorough study of retinitis pigmentosa from a hereditary standpoint 
stated that the commonest associated degeneracy occurring in 
subjects of retinitis pigmentosa is congenital deafness of various 
degrees. In another study^® he states that retinitis pigmentosa, 
progressive nerve deafness and feeblemindedness or idiocy seem 
capable of acting as mutual equivalents or substitutes. In the 
state of our present knowledge, therefore, we must allow that nerve 
deafness cannot be explained erabrj-^ologically as an equivalent for 
retinitis pigmentosa in the Laurence-Biedl syndrome but that 
further embryologic investigations may throw more light on the 
occurrence. 
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The Five-year Program of the Committee on the Cost of 
Medical Care, Adopted February 13, 1928. Publications 
Nos. 1 to 12. Pp. 39. Washington, D. C.; The Committee on 
the Cost of Medical Care. Price, 25 cents to $1.00. 

Admittedly one of the most pressing problems of the practice 
of medicine in this country is the high cost of medical care for the 
middle classes. It was a wise prevision, then, to create this agencj^ 
to study the problem in a comprehensive way over at least a 5-year 
period, while the personnel of the rather large committee ensures 
that the task will be well done. The support of the Carnegie 
Corporation, the Milbank Memorial Fund, the Russell Sage Foun- 
dation and the Twentieth Century Fund has made possible a mini- 
mum outlay of over $250,000. Thus far the following topics have 
been reported on: The Extent of Illness and of Physical and 
Mental Defects Prevailing in the United States; A Survey of Statis- 
tical Data on Medical Facilities in the United States; Hospital 
Service for Patients of Moderate Means; Medical Care for 15,000 
Workers and Their Families; A Survey of the Medical Facilities of 
Shelby County, Indiana: 1929; Capital Investment in Hospitals; 
Private Group Climes; A Survey of the Medical Facilities of the 
City of Philadelphia: 1929; A Study of ^Physicians and Dentists 
in Detroit: 1929; A Survey of the Medicalj^Facilities of San Joaquin 
County, California: 1929; The “Municipal Doctor’' System in 
Rural Saskatchewan. E. K. 


Egypt. The Home of the Occutt Sciences, with Special 
Reference to Imhotep, the Mysterious Wise Man and 
Egyptlvn God of Medicine. By T. Gerald Garry, M.D., 
M.Ch., M.A.O., M.B.E. Pp. 193. London: John Bale, Sons & 
Danielsson, Ltd., 1931. Price, 7/6d. 

Imhotep, the Wazir of King Zoser of the 3d Dynasty, has of 
recent years received so much “publicity”— perhaps more than in 
an equal number of previous centuries— that he is in danger of 
acquiring the false values that often attend the spot light. While 
it is in no way implied that the excellent work of Sethe, Hurry, 
Dawson and others affords basis for exaggerating this apparent 
superman who was later deified and replaced Thoth as the chief 
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EgjTJtian God of Medicine, yet the present critical analysis by one 
who appears to be qualified for the task is as timely as it is inter- 
esting. 

The chapters on magic and medicine among the ancient Egyptians 
in the same way present a healthy scepticism to those who are wont 
to find that recent scientific acliievements are but rediscoveries of 
phenomena already known by the ancients. 

As to Imliotep, himself, it seems clear that only by possible 
future discoveries, if at all, can it be decided whether he was of 
human origin later deified, possibly another name for Zoser himself, 
of divine origin or possibly that his name (“He who comes in peace") 
was_ merely an epithet of Ptah. He may still prove to be our 
earliest known physician or earliest God of Medicine; but as yet he 
can hardly be said, in Osier’s phrase, “to be the first figure of a 
physician to stand out clearly from tlie mists of antiquity.” Rather 
should we still agree with Hurry,. “Nothing is known of his special 
wmrk as a physician.” E. K. 


The Great Puysiclvn. A Life of Sir Willum Oseer. By 
Edith Gittings Reid. Pp. 299; 10 illustrations. New York: 
Oxford University Press, 1931. Price, S3.50. 

The continuing interest in, this great humanist suggested tliat, in 
spite of the mass of biographic material that has been published in 
the past decade and of the masterly two volume. Life by Harvey 
Cushing, a shorter story with more sweeping brush strokes would 
be desirable. IMrs. Reid consented to undertake the dfficult task 
and the result shows the -wisdom of the conception and of the choice 
of author. 

With enough of the bare facts as a framework to carry a con- 
nected chronologic sequence of events, the author has built up a 
loving picture of the spirit of “a transcendently beautiful life.” 
With a minimum of duplication of previously published biographic 
material, and wdth due regard for Osier’s scientific achievements, 
she has painted a portrait that vibrates wdth life and must capture 
even future generations -with its charm. The 18 pages of “The 
End”— already beautifully told by Cushing— will rank high as 
literature, ivhile to those -who loved her hero they raise emotions 
too poignant for contemplation unrelieved by action. Whatever 
the position in medical history assigned to Osier by posterity— and 
none w’ould have been more careless of the result than the man 
himself — it will doubtless be largely determined by the beneficent 
interest in and influence exerted on his fellows. This tribute, then, 
should not only bring pleasure to many not yet acquainted witi 
this “ beloved physician,” but should be valuable in preserving or 
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posterity the essence of an elusive spirit whose greatness might 
otherwise be more difficult to appreciate than that of lesser souls 
with perhaps more concrete achievements. E. K. 


The Note-book of Edward Jenner. With an Introduction on 
Tenner’s Work as a Naturalist. By F. Dawtrey Drewitt, M.D. 
(OxoN.), F.R.C.P.j formerly on the Committee of the British 
Ornithologist’s Union, and on the Council of the Zoological 
Society of London. Pp. 49; 1 illustration. New York: Oxford 
University Press, 1931. Price, $1.25. 

This manuscript note-book of the great vaccinator, covering the 
period 1787-1806, has been in the possession of the Royal College 
of Physicians since 1888, where it has evoked so much interest that 
it was thought desirable to make it available to a larger circle of 
readers. It throws an interesting light on Tenner’s -activities as a 
naturalist and comparative pathologist. The short but important 
notes on the habits of the cuckoo form the basis for his paper before 
the Royal Society on which his fame as a naturalist chiefly rests. 
The longer, industrious notes on hydatid cysts afford accurate and 
vivid descriptions, but served to support Tenner's erroneous belief, 
'dong ago conceived” that hydatids were the cause of “true tuber- 
culous consumption.” Tlie lack of microscopic aid is but too obvi- 
ous. In the notes on dog’s distemper, no definite conclusions were 
reached, and indeed could hardly have been expected at that time. 

E. K. 


Oxford Monographs on Diagnosis and Treatment. Edited 
by Henry A. Christian, M.D., Sc.D., LL.D., Hersey Professor 
of the Theory and Practice of Physic, Harvard University. Ten 
volumes. New York: Oxford University Press, 1928-1931. 
Price, $100 set of 10 volumes. (The first 9 volumes, of which 
No. ’iUI is still incomplete, appeared in the course of the last 
3 years and have been reviewed in a previous issue of this Tournal: 
1931, 181 , 270.) VoL. X. The Diagnosis and Treatment op 
Pneumonia. By Campbell P. Howard, B.A., M.D., C.M., 
F.R.C.P. & S. (Can.), Professor of Medicine, McGill University, 
and Physician to the hlontreal General Hospital. Pp. 263. 

This volume, which in the original prospectus of this set of books 
was entitled “Diagnosis and Treatment of Acute Respiratory 
Infections including Pneumonia,” is apparently to be limited to a 
consideration of pneumonia. It is as yet incomplete: only lobar 
pneumonia has been covered, a section on bronchopneumonia is to 
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be issued iater. While in the other volumes of the series diagnosis 
and treatment have received the major emphasis and space, the 
section on pneumonia has been written in the manner and scope of a 
"system” article. There are chapters on (1) History, Incidence 
and Etiology; (2) Infection and Immunity; (3) Slorbid Anatomy; 
(4) Symptomatology;_(.5) Physical Signs; (6) Complications; (7) 
Clinical T3T)es and Diagnosis; (8) Prognosis and Prophylaxis; (9) 
Treatment. The material is very well and for the most part ade- 
quately presented. Empyema, however, especially the management 
and differentiation of borderline cases, deserved a fuller discussion. 

R. K. 


The Cassation of Chronic Ga,5tro-duodbnal Ulcers. A New 
Theory. By J. Jacques Spira, M.R.C.S. (Eng.), L.P.C.P. 
(Lond.). With an Introduction by Sir HmipnRY Rolleston, 
Bart., G.C.V.O., K.C.B., Regius Professor of Physic in the 
University of Cambridge. Pp. 78. New York: Oxford Uni- 
versity Press, 1931. Price, 82.50. 

In the introduction it is stated: “The thesis liere presented is 
of considerable practical interest, for it incriminates a food factor 
as the responsible cause. . . . Stated briefly the argument is 
as follows: fat when introduced into the stomach regularly causes 
regurgitation of the duodenal contents, including bile, mto the 
stomach; and bile-salts, when mixed with the acid gastric contents, 
damage the mucous membrane of the stomach.” While the author 
gives much collateral material in support of his theory it is to be 
regretted that he gives so little evidence of his own. Under "experi- 
mental evidence” he offers no original observations, while the "clini- 
cal experience” offered is practically limited to 5 inadequate case 
reports and the statement that ' Tor over a period of more than 10 
years, a treatment based entirely on this conception of the disease 
has given me remarkedly consistent and uniformly satisfactory 
results.” 31. K. 


I^Ianual op Surgery. Voltoee I: General Surgery. _By 
Alexander Miles, M.D., LU.D., F.R.C.S., Ed., Con^ltmg 
Surgeon, Royal Infirmary, Edinburgh, and D. F. D. Wilkie, 
M.D., E.R.C.S., Ed. and Eng., Professor of Surgery, University 
of Edinburgh. Pp. 674; 176 illustrations. Eighth edition. 
New York: Oxford University Press, 1931. Price, $3.80. 

The eighth edition of this well-known surgery is marked by the 
addition of Air. D, P. D. Wilkie to the editorial staff. In addition 
there have been some twenty of the younger men of the Edinburgh 
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faculty whose aid has been enlisted as “ coadjutors in revision of the 
text.” The revision has been thorough and has brought the text 
up to date in most respects. The previous arrangement of the mate- 
rial has been followed in the new edition. Excellent chapters on 
repair, inflammation, suppuration and ulceration are given. Surgi- 
cal tuberculosis, sj^Dhilis and tumors are discussed in more detail 
than is usual in most American texts. The chapters on the various 
systems, as the bloodvessels, lymph vessels and glands, nerves, 
bones, etc., are preceded by short summaries on the anatomy and 
physiology of the tissue. The chapter on diseases of bones and 
joints is especially complete. 

The book is simply and clearly Avritten and fahly Avell illustrated. 
The therapeutic suggestions adhere someAvhat to the older methods, 
but the work Avell represents the excellent teachings of the Edin- 
burgh school. L. F. 

Bedside Interpretation of Labor.a.tory Findings. By Michael 
G. WoHL, hl.D., Associate Professor of Experimental hledical, 
Temple University hledical School. With an Introduction by 
Joseph McFarland, hl.D., Sc.D., Professor of Pathology, 
UniA’’ersity of Pennsyl Alania.. Pp. 321; 133 illustrations. St. 
Louis: The C. V. Mosby Company, 1931. Price, S6.00. 

The author’s preface emphasizes the fact that it is the purpose of 
this book to evaluate, rather than to describe in detail, those labora- 
tory tests most used in present day diagnostic medicine. A feAV of 
the more AAudely accepted methods are described in detail, as one 
Avould find them in any physiologic chemistry, and other tests 
necessitating specialized laboratory technique are considered only 
from a clinical standpoint. The author experienced some of the 
natural difficulties in the selection of material for such a brief but 
comprehensive AA^ork; for example, he gives a rather extensive 
survey of parasitology and hematology, and quite sketchy discus- 
sions of dermatology and bacteriology. HoAvever, the real A’alue 
of this Avork lies in its sound criticisms of the inaccuracies and 
errors in clinical interpretation of those laboratory procedures 
considered of greatest usefulness to the general practitioner. 

S. S. 


Practical Zoology. By Robert W. Hegner, Ph.D., Professor 
of Protozoology, Johns Hopkins School of Hygiene and Public 
Health. Pp. 561; 332 illustrations. ReAused edition. New 
York: The Macmillan Company, 1931. Price, Sl.SO. 

This is an elementary text-book of zoology intended for use in 
secondary schools, and material presented coA-ers the entire animal 
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kingdom. Space, of course, is limited but the attempt has been 
made to present facts that will focus the attention of beginners on 
tlie more common representations of the various animal groups, 
ihc economic value of different groups of animals meets with special 
attention. The text is supplemented by numerous illustrations' 
rererences to reachlj^ accessible sources, a glossar}' and an index. 

H.' R. 


BOOKS BECEIYED. 


NEW BOOKS. 

Progres-wic Medicine, Vol. IV, December, 1931. Edited by Hobabt Amohy 
Hare, M.D., LL.D., assisted by Leighton F. Appleman, M.D. Pp. 456; 
76 illustrations. Philadelphia: Lea & Febiger, 1931. 

Practical Endocrinology. By Henry R. Harrower, M.D. Pp. 704 . 

Glendale, Calif.: Pioneer Printing Company, 1931. Price, S5.00. 
Conquering Arthritis. By H. M. Margolis, M.D. Pp. 192; 2 illustrations. 

New York: The Macmillan Companj', 1931. Price, S2.00. 

Osier and Other Papers. By William Sitiney Thayer, M.D., LL.D., 
Dr. Hon. Sc.D., F.R.C.P. Ire., Hon., Professor Emeritus of Medicine 
at the Johns Hopkins University. Pp. 386. Price, 83.50. 

Lcs Maladies de L’Esprit el Leurs Medecins. Du XVP an XIX^ Siecle. 
Bj' M. Laignel-Lavastine and Jean Vinchon. Pp. 377; Olustrated. 
Paris: Norbert Maloine, 1930. 

Publications of the Committee on the Cost of Medical Care. Bj’’ various 
authors. ‘ For titles of the 12 pamphlets thus far published see reHew in 
this number of the Journ.yl. Washington: The Committee on the 
I Cost of Medical Care, and Ciucago: The University of Chicago Press, 
1928-1931. Price for each publication: 2oc to Sl.OO. 


NEW EDITIONS. 

Practical Morbid Histology. By Robert Donaldson, M.A., M.D., Ch.B. 
(Edin.), F.R.C.S.E., D.P.H., Sir William Dunn Professor of Pathology 
in the University of London, etc. With Foreword by Sir Humphry 
Rolleston, B.\rt. G.C.V.O., K.G.B., M.D., Regius Professor of 
Phj^sics, Universiti'' of Cambridge. Pp. 487; 214 illustrations. Second 
edition. St. Louis: The C. V. Mosby Company, 1931. 

Bacteriology for Nurses. By Herbert Fox, M.D., Director of the WiUiam 
Pepper Laboratory of Clinical Medicine in the Universiti'’ of INnnsyl- 
vania ; Pathologist to the Zoological Society of Pliiladelphia, etc. Pp. 311 ; 
91 engravings and 7 colored plates. Fifth edition thoroughly revised. 
Pliiladelphia: Lea & Febiger, 1931. 

“With the opinion that it is now desirable for nurses to know more micro- 
biology, the author has added a number of directions for the growth and study 
. of bheteria, protozoa and metazoa, for the use of the microscope, shm tests, 
blood tvping, etc. The subject is presented in an accurate, dignified manne . 
The illustrations are appropriate and well done. 
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Postvaccination Encephalitis.— Encephalitis following vaccination is 
a disease of unknown etiology that has been recognized only in the 
last seven years. Following the original observation of Lucksch, who 
reported 3 cases of nervous manifestations following vaccination that 
occurred in Czechoslovakia, some 600 other cases have been reported 
from Europe. Aemstrong (/Inw. Ini. Med., 1931, 5, 333) says that in 
the United States 51 proven or probable cases have been recorded for 
the lO-j^ear period just prior to 1931, 41 cases occurring in the last 
3 years, a rough average of about 1 case for each 350,000 vaccine points 
sold in the United States during this time. These figures are probably 
not representative of the actual frequency of the disease in the United 
States. For example, 3 cases of encephalitis following vaccination 
have been admitted to the Charity Hospital, New Orleans, in the past 
9 months. In Europe the large number of cases that were reported 
in 1926-1927 is a matter of record. The etiology of this type of 
encephalitis is not definitely known. French investigators believe that 
it is the vaccine virus directly which is implanted in the central nervous 
system to produce the disease. They liave substantiated their con- 
tention by reasonably well-controlled experimental methods. The 
German students of encephalitis, on the contrary, lean toward the 
idea that the vaccine virus primarily is not the cause of the disease; 
rather that the encephalitis develops as a result of the presence of a 
virus, in a given community, which is of unknown origin and which 
is lying dormant, to become activated when the individual is vaccinated. 
The proof that the Germans have deduced does not seem to be as 
definite as that obtained by the French in support of their idea con- 
cerning the cause of the disease. Confirmatory evidence of the German 
idea might be obtained from one of the statements made in Armstrong’s 
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paper, that the heaviest incidence in tlie United States occurred in a 
city of about 450,000 inhabitants. These cases were vaccinated by 
five different vaccinators, who employed different measures, but all 
of whom employed the same manufacturer’s vaccine, but this same 
manufacturer distributed tins lot of vaccine all over the United States 
and no other cases of encephalitis were reported. In the diagnosis of 
the condition there is one important feature which should be accentu- 
ated, ^ and that is that the encephalitis symptoms develop almost 
invariably in from 10 to 14 days after vaccination. If the central 
nervous symptoms arrived 17 to 24 days after vaccination then the 
symptoms are probably due to postvaccination tetanus. The most 
important one single measure of prevention lies in the vaccination of 
children in the first year of life. Postvaccination encephalitis rarely 
occurs among infants imccinated at this age period. I^accinations 
performed in later life produce the great bulk of the cases of encephalitis 
following vaccination. In Europe it has been customary to employ 
multiple insertions in tlie technique of vaccination.' The Rolleston 
Commission recommends a single small implantation of virus. It has 
also been suggested that dilutions of the virus be employed in vac- 
cinating half-grown children and young adults rather than employing 
full-strength virus. 
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Postoperative Pulmonary Atelectasis.— Brown {Arch. Surg., 1931, 
22, 976) says that tlie importance of the bronchial secretions in produc- 
ing postoperative atelectasis and in determining the specific tjqie of 
atelectasis which ensues is stressed. Experimental and clinical observ- 
tions are compared and are found to agree. Thick tenacious sputum is 
noted to plug tlie larger bronchi, whereas tliiner sputum tends to 
greater dispersion and a blocking of the finer bronchi and bronchioles, 
thereby producing a scattered lobular atelectasis. The impression 
is gained that spinal anestliesia predisposes to postoperative pulmonary 
atelectasis. 


Ollier’s Disease— Unilateral Chondrodysplasia.— Bromee and John 
[Am. J. Roentgenol, 1931, 26, 428) believe that a review of ^e literature 
ides not determine whether this disease, extremely disabling because 
if its unilateral retardation of bone growth, is an unusual mamtestation 
if the condition known as hereditary deforming chonrodysplasia, as 
Keith, Stocks, Hale and others believe, or is a distinct entity, as Uiner 
ind others have claimed. The fact that Cleveland s 
ibservation for a sufficient length of time to show Aat Ae affected 
ong bones are growing, and that the lesions are undergomg delated 
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ossification. and spontaneous healing, tends to support Ollier’s theory. 
The 26 cases here coUected are all similar and, as Cleveland stated in 
his summary, the clinical picture of each case is so like the others that 
even if there is no clear-cut pathologic differentiation from a much 
larger class of cartilaginous dystrophies, they seem to fall into a definite 
clinical group. A study of more patients from infancy to maturity 
and more experimental work such as that of Bentzon may ultimately 
be of assistance in answering the question as to whether or not Ollier’s 
disease is a separate entity. 


Varicose Ulcers. — Wright {Brit. Med. J., 1931, 3690, 561) says 
that varicose ulcers and their complications all result from loss of 
balance between arterial and venous systems of the leg. This balance 
can be restored in two ways, by Ijdng down and by reinforcing the skin 
with an elastic support. In the, cases due to varicose veins great 
improvement can be made by obliterating and in bad cases also ligating 
the varices, so that 75 per cent of ulcer cases can be cured and remain 
cured without any support but the elasticity of the patient’s own skin. 
Ulcers of tlie leg will always be with us until we find a way of preventing 
femoral thrombosis after operations, fractures and childbirth, but they 
will diminish in number because of the simplicity of the injection treat- 
ment for early varicose veins. By this method of treatment there is a 
certain way of curing all gravitational ulcers. The larger ulcers, 
formerly acknowledged to be incurable, can now be readily cleared up 
by this method even when of the gigantic dimensions of 180 square 
inches (Ij square feet). The author holds that it is one of the most 
wonderful things in Nature to see the ulcer which may have started a 
quarter to a half century ago begin to tlirow up its gi-anulations, flatten 
out its margins, pull in its edges and epithelialize in the way described 
so well by John Hunter many years ago. 

Rapid High Temperature Deaths Following Biliary Tract Surgery.— 
Connell {Ann. Surg., 1931, 94, 363) states that the fatal high tem- 
perature reaction following biliary tract surgery appears to be a definite 
clinical entity. Seventeen such cases occurring in 72 deaths after 
biliary tract operations are analyzed. It would seem rational to con- 
sider the syndrome as a metabolic, chemical or allergic reaction or to a 
nervous phenomenon, the exact nature of w'hich is unknown. Instances 
of spontaneous recovery (w^hat might be termed abortive) do occur but 
present no characteristic feature differentiating them from the fatal 
cases. Treatment in the absence of etiologic factors is Symptomatic. 
Therapeutic efforts in the “'abortive” cases fail to give a clue to effec- 
tive treatment. A review of postoperative records in laparotomies 
for conditions otlier than biliary tract disease failed to show similar 
temperature reactions. Further study it is hoped wall clear up the 
subject and develop an effective therapy. 

Fascia Lata Grafts.— Horsley {Ann. Surg., 1931, 94, 410) claims 
that dead alcohol-preserved fascia of an ox and living autogenous fascia 
react similarly in tlie peritoneal ca%dty and in the abdominal wall of 
the dog. In no instance does encapsulation occur. Kangaroo tendons 
soon become encapsulated and are absorbed more quickly in the 
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abdominal wall than in the peritoneal cavity. The fascias, both dead, 
alcohol preserA’ed of the ox and the autogenous, atrophy and stretch 
when placed m the peritoneal cavity, hut not in the abdominal wall, 
i'or pyionc occlusion chromicized kangaroo tendon is much more satis- 
factory, forming total occlusion for over 6 months in the dog and 
causing fewer adhesions than the fascia. Tlie living fascia seems to 
occlude, the pylorus several^ weeks longer than the dead alcohol-pre- 
served fascia of the ox. If infection is present hot]-! the living and the 
dead alcohol-preserved fascia of the ox arc broken down and absorbed, 
wliile chromicized kangaroo tendon shows a high degree of resistance 
to infections. The alcohol-prcscrved fascia of the ox does not react in 
man as it does in the dog, but is quickly absorbed and loses its tensile 
qualities, wliile tiie autogenous fascia lata in man apparently retains 
its strength. 
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The Action of Digitalis on the Ventricular Portion of the Human 
Electrocardiogram.— AYixTERNm (Zfschr.f. Krrbsforsch., 1931, 33,452) 
summarizes a carefully controlled series of investigations upon the 
effects of digitalis on ,tbe and T comple.ves of the electro- 

cardiogram in some 500 patients. Of this group 143 proved available 
because their observations were free from all disturbing factors. In 
13 per cent no influence upon the ventricular portion of the electro- 
cardiogram was observed despite the definite presence of therapeutic 
or toxic action of the drug. Conversely, changes in the eiec^ocardio- 
gram were observed without any other evidence of digitalis action. 
The most frequent change in the electrocardiogram was an alteration 
in the amplitude of the waves, affecting either the initial TOmpIe.ves 
or the T wave. It was especially observed that the ampli- 
tude of the waves was increased by digitalis in those cases showing 
low voltage prior to treatment. This reversible low voltage is ot 
prognostic significance as indicating tlie existence of a transitory 
myocardial, impairment, and such cases as present it are to be dis- 
tinguished sharply from those showing the irreversible iorm. m 
the present group one-half of the patients presented the morefaioraW 
reversible tvpe of low voltage. The author calls attention to the 
fact that changes in the amplitude of the waves must be studied cnti- 
cally in order to eliminate those due to various 
such as change in position of the heart, rotation of the electrical axi 
and the like, due to alterations in tlie position of the f>>aphragm, a 
Sanges due to variations in the accuracy of the application of the 



THERAPEUTICS 


283 


electrodes. All of these factors were eliminated in the group of cases 
from which the author draws his conclusions. He points out, however, 
that the wide divergence of opinion observed in the literature may 
possibly be explained on the basis of neglect of the control of these 
factors. Depression of its amplitude or inversion of the T wave may 
be quite independent of the action of digitalis, as indicated by others, 
where it is due to one-sided ventricular preponderance. In such cases 
digitalis has the tendency to alter the T wave and the S-T line 
in the opposite direction to that of the initial complex, thus positive 
T waves are increased in their positiveness and negative waves become 
deeper. A depression of the T wave, therefore, is by no means a con- 
stant digitalis effect. This occurred in only 24 per cent of the cases, 
as a phenomenon independent of a preexisting axis deviation, while 
digitalis exaggeration of the amplitude of the T wave which is depen- 
dent upon the direction of the initial complex occurred in 34 per cent 
of -the cases. In these two gi'oups toxic manifestations were present 
in 59 per cent of the first group and in only 37 per cent of the second. 
There was no instance observed among the 143 cases in which digitalis 
caused prolongation of the Q-R-S, while in 3 instances showing pre- 
existing prolongation digitalis led to some shortening of the time or 
to its return to normal. In 1 case right-sided bundle-branch block 
disappeared under the influence of digitalis. There is evidence for 
believing, therefore, that digitalis may improve intraventricular con- 
duction.' From all of his studies the writer suggests that digitalis tends 
toward restitution of that form of the electrocardiogi-am which was 
present in the given patient prior to the development of cardiac failure. 

The Treatment of Migraine With Extract of the Anterior Lobe of 
the Pituitary.— It is a common observation that women suffering from 
frequent and severe attacks of migraine are often completely free from 
such attacks during pregnancy, only to have them begin again at the 
cessation of lactation. Klausner-Ckonheim {Deutsch. mod. Wchnsclir., 
1931, 57, 1455), acting upon this observation and the studies of Asch- 
heim and Zondek, which showed the presence of large quantities of 
anterior lobe hormone in the blood of pregnant women, treated 10 
patients by the oral administration of an active anterior lobe extract. 
All the patients were suffering from severe migraine of long standing 
and unrelieved by previous therapy. Of the 10 patients 7 were either 
entirely relieved or showed marked diminution in tlieir pains while 
3 were unaffected. Of the 7 patients in Avhom improvement or relief 
took place 1 was unable to continue the treatment because of the 
production of severe menstrual disturbance, while 2 more showed 
increase in menstruation and a shortening of the intermenstrual interval 
which, however, did not prevent the continuation of treatment. In- 
vestigation showed that in those patients successfully treated by this 
method there was no effect upon the elimination of sodium chloride 
indicating that the beneficial action was quite different from that 
following tlie restriction of chloride intake. The author believes that 
in these cases of migraine tliere is probably some toxic substance 
circulating in the blood wliich is fixed or destroyed by the anterior lobe 
hormone. Its failure to relieve certain patients suggests, however, that 
this is not always the case and leaves the question of the cause of 
migraine unexplained in these nonresponsive patients. 
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Calcium and Phosphorus Metabolism of Infants Receiving' Undiluted 
Milk.--VAN Kirk (Am. J. Dis. Child., 1931, 42, 1090) presents 70 obser- 
vations of the calcium and the phosphorus intake, output and retention 
of a group of infants fed undiluted milk. The average daily retention 
of calcium ranged from 0.070 gm. per kilogram at 2 months to O.OM 
gm, per kilogram at 10 months of age. The average daily retention of 
phosphorus ranged from 0.040 gm. per kilogram at 2 months to 0.027, 
gm. per kilogram at 10 months of age. The calcium-phosphorus reten- 
tion ratio ranged from 1.3 to 2.3 vdth an average of 1.75: 1. The aver- 
age'calcium content of the blood was 12 mg. per 100 cc. with 10 as the 
lowest value obtained and the nverage phosphorus content was 6.3 mg. 
per 1000 ce. with 5.4 as the lowest value observed. Measurements of 
calcified areas showed no widening of the distal end of the shaft of the 
radius and an excellent rate of ossification of the carpal centers. Roent- 
gengrams of tire wwists showed certain irregularities in the growth of 
bones frequently associated nith mild rickets. Ondng to the large 
amounts of calcium and phosphorus retained by these infants, the con- 
sistently high blood values, the excellent growth of the carpal centers, 
and the occurrence of the rachitic changes in summer as well as in 
winter, the question is raised W'hether these slight irregularities of 
growth at the epiphyseal junctions unaccompanied by rarefication 
are rachitic or whether they may be normal accompaniments of the 
rapid increase in the rate of growth. 


Undulant Fever in Children. — Anderson and Pohl (Am. J. Dis. 
Child., 1931, 42, 1103) state that many authors in describing undulant 
fever of bo,\ine origin liave mentioned the slow, poorly defined, insidious 
character of the onset. Weakness, anorexia, fever, chills and profuse 
sweats are usually the prominent symptoms as the disease becomes 
established. Subacute migrating pains in the extremities, joints, 
back and muscles, and headache are mentioned. The physical examina- 
tion elicits no characteristic signs. A xoseolar, macular, scaling erup- 
tion has been observed in a few cases. Loss of weight, abdominal teiL 
derness, enlarged spleen, slight anemia and slight leukopenia are found- 
in a variable number of cases, with continued fever the only consistent . 
feature. The disease runs a variable comse from weeks to years, 
averages about 3 months, and gradually subsides, usually without 
serious sequelae. In none of the 3 cases, the subject of this report, was 
it possible to make a definite clinical diagnosis of undulant fever. 4 e 
physical findings were exceedingly irregular and largely negative, but 
the persistent fever prompted the submission of blood specimens J or 
agglutination tests. In each case it was possible to trace the infection 
to the cows supplying the milk which these children habitually us . 
These 3 cases all ran short courses of from 7 weeks to 8 months. XU 
children were at no time seriously ill, and apparently all recoiere 



PEDIATKICS 


285 


without complication or sequelje. Typical undulation of fever was not 
observed. There were periods of high fever which followed exertion, 
but the fever subsided after rest. 


Nutritional Edema.— Weech and Ling (J. Clin. Invest, 1931, 10, 
869) consider the serum protein deficiency in relation to various types 
of edema, both experimental and clinical. They call attention to other 
factors and in particular to the role of several inorganic salts in modify- 
ing the effect of protein deficiency alone. In a series of patients suffer- 
ing from nutritional edema, who were studied during both the active 
and the convalescent stages, it was found that when the level of serum 
albumin was greater than 2.9 gm. per 100 cc. edema was never 
observed, and that when the level fell below 2.5 gm. per 100 cc. 
edema was invariably present. The correlation with total serum pro- 
tein, although not so close, was sufficient to indicate a critical level for 
edema close to 5 gm. per 100 cc. Serum globulin was exceedingly 
variable as decreased, normal and increased values were all found in 
association with edema. Decreased globulin generally occurred only 
when the albumin was also decreased and this was usually present in 
association with edema. No relation of cause and effect was considered 
to exist betw^een lowered globulin and edema. The results of metab- 
olism observations were noted on 2 of these patients. In both cases 
the combined administration of sodium chlorid and sodium bicarbonate 
led to rapid gain in weight with marked increase in edema and depression 
of chlorid excretion in Ae urine. In one of these cases these effects could 
not be duplicated, after feeding an adequate diet had resulted in a return 
to normal of the serum protein. It is pointed out that it is impossible 
to offer an exact explanation of all the effects observed, although it is 
indicated that the results are in harmony with the view that the cation 
sodium is more intimately related with the causation of edema than 
the anion chlorid. 


The Effect of Large Doses of Irradiated Ergosterol on Nitrogen, 
Calcium and Ehosphorus Metabolism in Rats. — Keen, Montgomeey 
and Still (J. Biol. Chem., 1931, 93, 365) found macroscopic and micro- 
scopic evidence of the accumulation of much calcium in the kidneys in 
growing rats receiving large daily doses of viosterol. Chemical, analyses 
of those organs revealed the deposition of calcium to be much greater 
in females than in males. Viosterol in larger doses increases the absorp- 
tion of calcium from the intestine. The excretion of calcium in the 
feces decreases and the excretion in the urine is greatly increased. To 
a lesser degree there is also a diminished fecal elimination of phosphorus. 
Ergosterol irradiated in alcohol produces greater disturbance of tlie 
calcium metabolism of growing rats than ergosterol either irradiated 
in ether or irradiated dry, on tlie basis both of actual weight of ergosterol 
fed and of tlie vitamin D content of the samples. It is believed that 
the medium in which tlie ergosterol is irradiated plays an important 
part in tlie development of toxicity. The nitrogen excreted in the urine 
seemed to have been entirely witliin the normal range, being affected 
mainly by the level of food intake. Wliatever clianges may occur in 
the way of deposition or absorption of bone in rats fed large amounts of 
viosterol, analyses of the leg bones of these animals show normal content 
of calcium, phosphorus and carbon dioxid. 
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Amebiasis Cutis. Engman and Meleney {Arch. Derm, and Syph., 
1931, 24, 1) reemphasize the fact that ulceration of the skin may at 
tinies be due to an ameiia in some cases identified as Endameba histo- 
lytica. The cases reported fall into four ^oups: (1) Those following 
the drainage of an amebic abscess of the liver; (2) those following the 
drainage of a lesion of the appendix or otlier areas of the lower portion 
of tlie intestine; (3) those about tlie anus associated with amebic 
colitis; and (4) those without any direct connection -with the viscera. 
The autliors in describing tlie clinical picture of amebic ulcers, particu- 
larly stress the rapidity' of spread of the ulcerative process, the over- 
lianging edge from under whidi pus can be expressed, and tlie surround- 
ing erytliematous terrain. Usually motile amebre can be identified in 
fresh preparations from the ulcers but at times are discoverable only in 
fixed smears and sections. Emetine hydrochlorid is tlie accepted 
method of treatment. 


Sensitizations. — Sulzberger and Mayer {Arch. Derm, and Syph., 
1931, 24, 537) contribute a timely article on the discrepancies in results 
obtained by an attempt to duplicate previous expdimental work' and 
point out that the factor of geographical localization of the experiments 
performed has never been given sufficient weight in tlie analysis of the 
data involved. The authors believe that differences in the race, feeding 
and housing of the test subject or experimental animals are factors 
W'liich may' entirely' alter results obtained by similar methods at widely 
separated points. They have observed, for example, that guinea-pigs 
reacted differently when sensitizations with the same brand -of neo- 
arsphenamine were attempted in Breslau, Zurich and New York, the 
results varying from 98 per cent successful sensitizations in Breslau to 
none in New York. These differences were constant in spite of experi- 
ments carried out with care to provide for identical technique. A study 
of the modifying factors disclosed among other things that the diet of 
the experimental animals was of decided importance, green fodder 
inhibiting and dry fodder favoring sensitization. The authors wisely 
counsel that the Imowledge and consideration of these facts may alter 
premature decisions on contradictory experimental results and account 
in part for differences in clinical, epidemiological and seasonal fluctua- 
tions noted under varying em'ironment. 
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Carcinoma of the Cervical Stump. — Those w^ho favor the perform- 
ance of total hysterectomy as a routine base their preference on the 
fear of the later development of cancer in the retained stump of the 
cer^dx wliich is left after tlie supravaginal operation. Various estimates 
have been made as to the frequency of this condition but on account 
of the comparatively small number of cases which are seen in any one 
clinic it is difficult to arrive at a representative figure. Tliis subject 
has been investigated by Mayo and Mayo {Ann. Surg., 1931, 93, 1215) 
who studied the records of 99 patients with cancer of the retained. cervix 
who had been seen in the Mayo Clinic during the preceding 20 years. 
A larger number of cases was found within the first 2 consecutive years 
after subtotal hysterectomy than in any 2 years thereafter, although 
more than 50 per cent occur 3 years or more after subtotal hysterec- 
tomy. The condition must be considered serious because ultimately 
so few patients are cured, perhaps because the disease is not diagnosed 
until it is far advanced. They feel that at the primary operation the 
total hysterectomy should be the operation of choice since tliey can 
show a mortality of 1.8 per cent for tliis operation as against 1.2 per cent 
for the subtotal hysterectomy in two series large enough to be of impor- 
tance. If the surgeon fears to perform the total operation but neverthe- 
less believes that the retained cervix may be a future menace to the 
patient, they advise the performance of the subtotal operation, followed 
in 10 or 12 days by some metliod of removal of the cervix, such as enu- 
cleation of the canal or destruction of the cervical canal by cautery. 
Wlfile their argument seems rather convincing, nevertheless their 
figures show that in spite of the wealth of material at their disposal 
with consequent extensive experience, the total operation has a higher 
mortality in their hands as in the hands of nearly every other gynecol- 
ogist or surgeon. 

Renal Irradiation for Ureteral Fistula. — Wlien in the course of a 
pelvic operation tlie ureter has been injured and the damage recog- 
nized at once, the operator must quickly decide as to what measures 
must be taken to alleviate the injury. The ideal policy when possible 
is to perform immediate anastomosis of the cut ends or to transplant 
the upper end into the bladder, Avhile some operators are content to 
merely ligate the ureter in order to cause atrophy of the corresponding 
kidney. Many ureteral injuries however, are not recognized until 
several days after the operation, when a leakage of urine from the vagina 
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reminds the gynecologist that all is not well. Under' such conditions 
a secondary operation may be quite a hazardous procedure and for 
this reason the suggestion was made several years ago that the easy 
and safe metliod of handling sucli a situation was to irradiate the kidney 
of tlie affected side witli sufficient dosage to cause its atrophy and thus a 
bloodless cure could be obtained. As a result of his experiences with 
tins procedure Otto {ZeniraM.f. Gyncc., 1931, 55, 1529) concludes that 
irradiation of the kidney should only be considered as a means of 
treatment wdien the function of that kidney is largely destroyed pro- 
yiding, of course, that the functional capacity of the opposite kidnej' 
is good.' In sucly cases good results may be looked for. llTien the 
kidney corresponding to the injured ureter lias good function he believes 
that it is much more desirable to implant tlie ureter into the bladder 
or bowel since irradiation will frequently fail to cause atrophy of normal 
renal tissue. 


OPHTHALMOLOGY 


Tr^^)ER THE CHARGE OF 

.IIULLIAM L. BENEDICT, M.D., 

HEAD OF the section OF OPHTHAIAtODOGT, MATO CUNIO, ROCHESTER, SHNN., 

AND 

H. P. IFAGENER, M.D., 

ASSISTANT PROFESSOR OF OPHTHALMOLOGT, MATO FOtlNDATION, ROCHESTER, MINN. 


Extraocular Muscle Paralysis Following Spinal Anesthesia.— 
.{Minnesota Med., 1931, 14, 648) reports 2 cases of external 
rectus paralysis following spinal anesdiesia with novocain. In the first 
patient the paralysis developed on tlie thirteenth day postoperative 
and cleared up completely in 13 days In the second patient the 
paralysis developed on the twelfth day postoperative and was still 
present at the end of 17 months. This complication of the spinal 
anesthesia is relatively rare. Reber reports 5 cases in a series of 
2000 anestliesias. The external rectus is the muscle most frequently 
involved. In 88 cases reviewed by Blatt the fourth never was involved 
in 4, the third in 6 and the sixth in 78. The interval between the anes- 
thesia and the onset of the paralysis varies betw'een 3 days and 3 weefe. 
The prognosis is favorable. In most cases the paralysis disappears in 
from 1 to 3 weeks. In a few it persists longer. The onset is usually 
accompanied by photophobia, headaches and dizziness. The etiology 
of the paralyses is still a matter of conjecture. It seems most probable 
that they are caused by an elective toxic action of Ae injected drug. 
However, they may have their basis in a mild localized meningitis or 
a localized hemorrhage. Van Lier has demonstrated swelling of me 
nuclei of the ganglion cells after spinal anesthesia. It is known that 
the injected drug often diffuses up around the medulla and base of me 
brain in appreciable concentration. So it is possible that the ocular 
muscle paralyses are due to degeneration of the ganglion cells. 
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Hereditary Optic Atrophy (Leber’s Disease). — Kuhn (Arch. Opjithal. 
1931, 5, 408) reports a case of hereditary optic atrophy (Leber’s disease) 
in which an exploratory operation was performed on the chiasmal 
region. The patient was a man, aged 25 years, who complained of a 
sudden loss of vision first in tlie left and later in the right eye. ’\^ision 
in the right eye was 20/100 and in the left the ability to count fingers 
at 12 inches. Perimetric studies revealed central scotomata, relative 
in the right eye and absolute in the left. The scotomata involved the 
temporal more than the nasal part of the fixation area. Ophthalmo- 
scopic examination revealed bilateral mild optic neuritis with com- 
mencing atrophy in the left eye. General physical, laboratory and 
neurologic examinations were all negative. The sella was small and 
partially bridged. There was a definite familial history of sudden loss 
of central vision. An elder brother had relative scotomata and two 
maternal uncles had been similarly affected. Exploration of the 
chiasmal region showed no lesion except a mild arachnoiditis. How- 
ever, the vision improved gradually, and three months after operation 
was 20/50 in the right eye and 9/200 in the left. Two months later-the 
vision in the right eye fell to 20/200. Encephalograms and ventriculo- 
grams made at this time failed to reveal any pathologic condition near 
the optic chiasm but did suggest a chronic encephalomyelitis with some 
obstruction in the region of the fourth ventricle but without internal 
hydrocephalus. Seven months after the first operation the vision of 
the right eye was 9/200 and that of the left eye 8/200. 
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The So-called Bursa Pharyngea in Man: Its Origin, Relationship 
With the Adjoining Nasopharyngeal Structures and Pathology.— 
Plenty of proof of the correctness of Pasteur’s aphorism — “in the 
fields of observation chance only favors tlie mind which is prepared” — 
Can be found in such happy coincidences as Galileo and the swinging 
lamp in Pisa’s cathedral; Newton and the falling apple; Jenner and 
tlie milk-maid’s cowpox; Darwin and the Beagle’s cruise; Beaumont 
and Alexis St. Martin’s gastric fistula. Assisted by Meyers and 
Shirazy, Dokrance (Arc/i. Otolaryngology, 1931, 13, 187), taking advan- 
tage of an unusual opportunity for detailed study of a bursa pharyngea 
in an adult with cleft palate, presents an e.xhaustive account of develop- 
mental, anatomic and clinicopathologic of phar;jmgeal bursa. Evidence 
is produced to show that the true bursa pharyngea, as encountered in 
adults, represents the persistence of the embryonal bursa and is to be 
looked upon as an independent structure which, although in intimate 
relationship witli a coexistent adenoid, is not to be regarded simply as 
a medium recess of the pharyngeal tonsil or as necessarily bearing any 
relation to cleft palate. Its anatomic position is characteristic— in 
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tlie inicllinc of tlic pliarynx just anterior to the upper border of the 
superior constrictor muscle. Clinically, the bursa pharyngea is of 
interest. Forty-five years ago Dantzig’s Tornwaldt called attention 
to certain inflammatory processes of the bursa associated with systemic 
disturbances. As Dorrance says, “When his opinion is considered in 
the light of modern medicine one finds that in spite of errors due to 
overentlmsiasm he was anticipating the era of focal infection.” In 
any event Tornwaldt's work stimulated in a neglected anatomic field 
and empliasized tlie embryologic complexity and clinical importance 
of the nasopharynx. 


An Aural Syndrome of Hepatic Origin.^ — To Louis we owe largely 
-the demonstration of the “numerical method” as a valuable instrument 
of investigation. The guiding motto of his life was “ 'Ars medica tota 
in observationibus' ” — in carefully observing facts, carefully collating 
them, carefully analj’zing them.” Accurately to get knowledge of an.v 
disease it is necessary to study a large series of cases and to go into 
all particulars. A correlation of tlie occurrence of any one of these 
with all of the other data may reveal something of causal significance 
or diagnostic importance. Accordingly, from the mass of information 
acquire by a thorough and comprehensive survey in a large diagnostic 
clinic primarily designed to study diseases of tlie ductless glands, 
Drury {Ami. OioL, Rhinol. and Laryngol., 1931, 40, 415) has expiscated 
a series of 120 cases exhibiting ear involvement associated with hepatic 
dysfunction. The syndrome includes, in their order of frequency, such 
symptoms as deafness, tinnitus, vertiginous sjmiptoms, headaches, 
fatigue and nausea. A characteristic audiometric finding is mentioned. 
The writer believes the syndrome to be due primarily to a long-standing 
toxemia of hepatic origin. Clinical improvement follows proper care 
and treatment. 
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Coccidioidal Granuloma: Roentgen Diagnosis. — This disease, which 
attacks lungs, bones and soft tissues, and pathologically, clinically 
and roentgenologically resembles tuberculosis closely, deserves the 
systematic and complete review given by Carter (Am. J . Roentgen, 
and Rad. Therap., 1931, 25, 715). The first case was reported from 
Buenos Aires in 1892; the second and third cases from California in 
1894. In this country, approximately 80 per cent of all cases r^orted 
were Californian in origin, but scattered cases have been noted from 
Washington, Arizona, New Mexico, Colorado, Kansas,^ Nebraska, 
Missouri, Illinois, South Carolina and Pennsylvania. It is suspecte 
that many cases go unrecognized. The disease is produced by a speci c 
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fungus, oidium coccidiodes, which in its adult form is a spherule 15 to 
40 microns in diameter, and which multiplies by endosporulation. 
Infection, it is believed, may occur tlirough the abraded skin, through 
the alimentary canal and tlirough the respiratory tract. Pulmonary 
invasion is considered to be most frequent. Pathologically characteristic 
of the disease is the production of submiliary, miliary or larger nodules 
which resemble tubercles. The nodules may caseate and subsequently 
liquefy or they may suppurate from the beginning. The lesions are 
nearly always progressii^e, but may heal eventually. Abscesses may 
occur in the soft tissues; lymph nodes tend to be involved early. In 
the lungs may be found extensive miliary lesions, nodular consolidations 
with caseation, abscesses or massive consolidations. The lesions of bone 
are essentially those of a destructive osteomyelitis. The clinical mani- 
festations vary with the mode of infection and the situation of metas- 
tatic lesions. Frequently the onset is respiratory, with fever, cough 
and malaise. The disease may run a rapid course with early death. 
If the pulmonary symptoms subside or the primary infection is in the 
skin, the disease may become chronic for weeks, months or years. 
Positive diagnosis rests on finding the specific organism; a long search 
may be necessary. Treatment is unsatisfactory. Colloidal copper has 
given good results in a few cases. From the roentgenologic standpoint 
Carter has surveyed 50 cases. Ninety-four lesions were found in bone. 
They arose mostly in the region of cancellous bone and the process was 
predominantly destructive, although in a minority of instances bone 
production Avas noted. Adjacent joints were involved in only 28 cases. 
This seems to afford a mark of distinction from tuberculosis, in which 
the joint tends to be involved early. Sites and bones commonly invaded 
included the ribs, the malleoli of the tibia and fibula, tarsus, tuberosity 
of the tibia, the ulna, scapula, clavicle, patella, etc. Lesions arising in 
malleoli and other bony prominences seem to be rather suggestive of 
coccidioidal granuloma. The chest Avas examined in 37 cases and Avas 
involved in all but one. Miliary lesions Avere evident in 19; they AA^ere 
usually general and Avith localized accentuations in some portion of the 
lung, most frequently on the right side. Hilar thickening Avas evident 
in 31 cases and a definite mediastinal mass in 17. Parenchymatous 
infiltration distinct from miliary dissemination, Avas present in 32 cases, 
or 90 per cent; it varied from slight clouding to dense consolidation. 
Pleural involvement Avith effusion occurred in some cases. Compared 
Avith tuberculosis, the outstanding features of pulmonary coccidiosis 
are the high incidence of mediastinal involvement, miliary lesions and 
hilar thickening, the less fibrosis and caAutation, and the general softness 
and vagueness of the shadows. The adA'-anced lesions resemble the 
caseous or pneumonic type of tuberculosis, but AAuth less tendency to 
caAutation. 


Radiation Therapy in the Treatment of Cancer of the Mouth and 
Lips. — M.xrtin (Radiology, 1931, 16, SSI) has had satisfactory results 
from radiotherapy by both radium and Roentgen ray. In his series 
there Avere lOS cases AAutliout e\ddence of metastasis at the time of 
treatment. Later 4 cases dcA^eloped malignant nodes in the neck and 
died. The remaining 104 cases Avere aa’cII after 5 years. EleA'en cases 
had definite invohmment of lymph nodes AA’hen treatment Avas begun; 
all these patients died from cancer. 
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' Successful Socialization and Compensation in Manic-depressive 
Psychosis.— Hinsie {The Psychiatric Quarterly, 1931, 5, 2, 312) remarks 
that •vvitli the advent of Freudian psychoanalysis, patients began to 
understand many of tlie causal relationships between their symptoms 
and the "buried complexes” allied to the instinctive realm — that it 
was observed tliat there was a series of closely identified relationships 
of psychial factors extending from consciousness deep into the uncon- 
scious field. Insight of this nature is decidedly apart from tlie insight 
that enables the patient to appreciate his mental phenomena only in 
terms of “morbid” or “normal.” The former might be referred to as 
primary and the latter as secondary insight. When secondary insight 
is well developed and especially when it is supported by a desire on the 
part of the patient to expand the insight to tlie primary degree, psycho- . 
therapy may accomplish meritorious results. Furtlier, the autlior 
remarks that it is a well established observation that subjects with a 
manic-depressive psychosis achieve periods of remission during which 
their “morbid” manifestations are relegated to the background. These 
individuals in the phase of remission, attain certain grades of social 
integrity, but there is not tlie psychological harmony that insures 
future integration at the higher levels. Relapses occur with much fre- 
quency. The manic-depressive patient is not altogether unlike the 
schizophrenic patient who exhibits periodically in his mental disorders. 
In botli instances, there is more or less complete return to the pre- 
psychotic level. And, states the author, adjustment and integration 
are closely associated. When an individual coordinates his several 
capacities (physical, physicochemical, sensori-motor, psychologic and 
social), in the direction of a reasonable goal, and at the same time 
temporarily subordinates other issues, it may be said that that indi- 
vidual is w^ell adjusted. The 6 cases presented were under active treat- 
ment and management for about 2 years and for about 5 years, they . 
were not interviewed. As a result of the instituted work upon the 
patients, it was found that some of the patients responded very favor- 
ably. Others were appreciably assisted to adjust at a higher level than 
that to which they had formerly adapted diemselves. There was a 
third group that was not at all benefited. This latter group consisted 
of patients that refused treatment of any nature. In addition, the 
author felt that in most cases the question of socialization and com- 
pensation is a question also of the socialization and compensation of 
his environment. An individual’s career is made up not only of his own 
instinctive cravings, but also of the craSdngs of others. The individual’s 
reactions are a resultant of instinctive processes, not only of those ans- 
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ing within himself, but also of those that come to him from without. 
Hence, when socialization and compensation are under consideration, 
one must inevitably take into account the patient and several personal- 
ities that he has incorporated within himself. This implies a clear 
understanding of the emotional streams as they eonverge from several 
angles upon the subject under treatment. 


Radiothermic Treatment of General Paralysis. — Hinsie and Car- 
penter {Psychiatric Quarterly, 1931, 5, 2, 215) present a preliminary 
report of their findings in the radiothermic treatment of 17 cases of 
general paralysis. Eleven of these cases have left the hospital definitely 
improved, 5 are still in the hospital, having but recently completed their 
treatment, and 1 case is dead, having died shortly after the course of 
treatment started. The plan of approach was to produce the tempera- 
ture curves of inoculated malaria in a series of patients with general 
paralysis. If these conditions were met, it was considered that there 
might then be more or less suitable control material by which the efficacy 
of radiothermic treatment might be computed. All patients were 
adults. Each was given treatment consisting of 70 hours of tempera- 
ture. They noted the following facts: (1) The treatment was tolerated 
well; (2) the agent that induces the temperature rise is under immediate 
control; (3) the temperature rise maj'^ be gauged to meet the cardio- 
vascular-nephritic capacity of the patient; (4) the patients usually 
show improvement while they are undergoing treatment; (5) tliere is a 
loss of 5 to 10 pounds of weight, which is promptly regained upon 
termination of the treatment; (6) there is a mild anemia, a reduction 
of hemoglobin, an increase of the polymorphonuclear cells, and the 
spinal cell count Is reduced during the treatment — all swinging mthin 
normal limits upon termination of the treatments; (7) the blood solids 
and chlorids all remain within normal limits during tlie therapy; (8) 
the blood sugar tends to rise slightly during the radiothermic course. 
Concerning the Wassermann findings in the blood and spinal fluid, 
the authors make no note— stating that it is too early to form any 
opinion as yet, concerning this phase of their work. 

Mental Factors that Affect School Abilities.— Line {Merit. Ilyg., 
1931, 15, 2, 255), remarks that present day educational research is 
showing the very marked and healthy influence of the mental hygiene 
movement. The genetic picture of childhood is being made more 
meaningful, more complete, because of the growing realization that a 
thorough understanding of that picture is necessary to a preventive 
program; and the influence of the school on the mental growth of the 
child is the particular emphasis now being made by those who are 
endeavoring to integrate educational research into the mental hygiene 
program. It is universally agreed that tlie genetic method is the one 
tliat is most ideal in arriving at tlie necessary foundation for a mental 
hygiene program. The case study method is a second best, or is a 
means whereby the genetic picture may be more immediately clarified 
for present guidance. He asks if we do not select our categories of 
observation largely— sometimes entirely — in terms of behavior, rather 
than in terms of psychologic (functional), manifestations; or if we 
do not sadly confuse our behavior concepts with the more subtle con- 
cepts of mental hygiene. He then states that there is a distinct differ- 
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ence in tlie implications of llm two classes: that one really intends to 
refer only to descriptive aspects of behavior, to incidents that are 
obseryable by others; the second goes much deeper, and implies the 
functional picture. And by confusing this distinction, our conception 
of the genetic method tends to become that of a series of quantitative 
records. But in essence,_the genetic method is undoubtedly qualitative, 
and mu.st ultimately arrive at a qualitative interpretation of the cross- 
sectional picture of the child as he now is — a picture that can, of course, 
be meaningful only insofar as its antecedents and functional conse- 
quents are known. The evaluation of educational progress is ultimately 
qualitative, in the sense that a child is rated as superior or inferior to 
another in respect to a given “ability” or “trait.” The basis of deter- 
mining that rating may be more or less “objective,” and may involve 
mathematical quantities, but fundamentally the entity postulated 
and measured, is an inherent mental quality or aspect. The qualitative 
correlation of educational abilities can be made to some extent in a 
moi'e scientific way than is the case with behavior categories. The 
author asks whether one might not expect that an analysis of causes of 
success or failure in certain, broad lines of activity would reveal other, 
more subtle, psychologic deviations, which have been overlooked in 
our training programs, and which have played a vital part in the genesis 
of special disabilities. And it is in this connection that one of Spear- 
man’s leads seems to have a significant application. After a completely 
satisfying objective demonstration of the general nature of intelligence, 
certain other functional unities are isolated. Spearman, after an inter- 
pretative supplement, puts fonvard the tentative liypothesis of “mental 
energy” to account for intelligence; but this energy displays marked 
individual differences, not only in quantity, but also in quality. The 
variation in “inertia” corresponds to the statistically demonstrable 
factor of “ perseiu'erations;” and differences in terms of fatigue recupera- 
tion manifest themseh^es, during continuous and concentrated mental 
work, as a greater or less oscillation or fluctuation in efficiency. These 
additional variables make the psychological analj'^sis of a child much 
more meaningful and scieptific than before; and the relationship between 
deviations along the new axis thus demonstrated and mental functioning 
in the classroom would seem to be worthy of investigation. 
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The Endocarditic Process (Valvulitis) in Childhood. De Vecchi 
(Arch. Path., 1931, 12, 49) reports Iiis findings from a careful histologic 
analysis of the heart valves of 42 children. Postmortem diagnosis o 
this condition is usually based on the macroscopic appearance o 
valves. • Such evidence, however, is fallacious as valves that are Jieaitny 
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to tlie naked eye may show microscopic changes that are inflammatory 
in nature. This is especially true in the case of infants as the valvular 
apparatus is very delicate and the initial changes are difficult to detect: 
The lesions observed in areas macroscopically healthy consisted of 
desquamation of the valvular endothelium, sometimes with hyaliniza- 
tion and necrosis of the adjoining valvular tissue, accompanied by a 
lymphocytic infiltration of the deeper lajmrs and a histiocytic reaction 
in the subendothelial layers. The histiocytic reaction was usually well 
marked and was not necessarily accompanied by endothelial desquama- 
tion. The essential nature of the endocarditic process is partly degenera- 
tive and partly inflammatory. The formation of thrombotic vegeta- 
tions, he considered, is a secondary phenomenon which may be entirely 
absent, but he did not give much attention to distui-bances in capillar}^ 
circulation as affecting the local resistance and the deeper histiocytic 
reaction. The inflammatory reaction in the initial stages of the process 
he found to be always of the same type, whatever the stimulus, bac- 
terial or toxic. In the later stages it varies with the nature of the micro- 
organism and the “resistance” of the subject. The inflammatory 
processes that develop in the valves of young children affected by 
various toxic infective diseases, he emphasized, are of particular impor- 
tance, as their fm-ther development may give rise to the establishment 
of vahmlar defects, the mode of origin of which has hitherto been 
obscure. 


Hemolytic Streptococci in Scarlet Fever and Epidemic Septic Sore 
Throat. — Herzberg {Monatschr. /. Kinderh., 1929, 43, 328) studied 
some 2200 throat swabs taken at monthly inter^'als from 170 inmates 
of a children’s hospital and tuberculosis clinic for the presence of hemo- 
lytic streptococcus. The average findings of hemolytic streptococci 
were for children (2 to 15 years) 40 per cent, for those of the tubercu- 
losis clinic 60 to 70 per cent, for infants 10 to 15 per cent. Single swabs 
from 150 inmates of a tuberculosis sanitarium taken in January gave 
75 per cent and from 100 school children in July gave 17 per cent posi- 
tive for hemolytic streptococci. The positive findings increased as a 
rule in the damp and cold months from September to December, hut 
this was not constant. Twenty-six clinical cases of scarlet fever in the 
cliildren’s hospital comprised 17 from the tuberculosis clinic, 8 in age 
group 2 to 15 years, and 1 infant. He found no relationship betAveen 
the incidence of hemolytic streptococci and the occurrence of scarlet 
fever, and concludes that none exists. No record is given that the 
strains of hemolytic streptococci were tested for toxin production by 
means of toxin-antitoxin injections. This study would have been more 
valuable if such toxin determinations had been done although the 
specificity of the toxin of scarlet fever strains is discounted by the work 
of Wheeler (J. Prcvcn. Med., 1931, 3, 181) aaJio asserted that “it is 
impossible by the methods noAV available to separate the streptococci 
associated with epidemic septic sore tliroat and scarlet fever into definite 
gi-oups Avhich bear a specific relation to the particular type of infection 
induced.” In one outbreak of streptococcus infection typical strains 
of Streptococcus epidemicus identical in all their reactions, including 
skin antitoxin tests, were isolated from the milk of one cow, from the 
throats of patients with septic sore tlu-oat and also from tlie throats of 
scarlet fever patients. 
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Antigenic Value of Scarlet Fever Streptococcus Toxin Modified by 
tlie Action of Formalin,— Veldee (U. S. Pub. Health Rep., 1931 , 46, 
G93) notes that various authors liave reported on the successful use of 
scarlet fever toxin in tlie prevention of that disease. He also points 
out the disadvantages of the metliods in general use following in the 
footsteps of Ramon who has prepared a harmless yet potent immuniz- 
ing agent against diphtlieria. Several workers have used formalin to 
produce an analogous product for scarlet fever. The author’s own 
work has shown that a very high percentage of immune persons can 
be secured by the use of three doses of his toxoid, whereas five doses 
of unmodified toxin are required to bring about a simUar result. The 
impleasant reactions are much fewer when toxoid is used than when 
the immodified toxin is employed. 

Experimental Addiction of Animals to Opiates. — Kolb and DuMez 
{U. S. Pub. Health Rep., 1931, 46, 698) present the results of an exten- 
sive series of studies on monkeys in w’hich attempts to induce addiction 
by the use of morphin, codein and heroin were made. Monkeys were 
killed by subcutaneous injections of morphin sulphate as low as 85 mg. 
per kilo of body weight, and very severe symptoms vuth sickness lasting 
several days were caused by smaller doses, but 1 animal survived 
125 mg. per kilo, and the minimum fatal dose was not accurately deter- 
mined. Young and small monkeys survived larger doses per kilo than 
older and larger animals. Seven milligrams of heroin per kUo of body 
weight killed the majority of monkeys that had not previously been 
given a toxic dose. Some that had previously received a toxic dose ol 
an opiate survived 8 mg. per kilo. Some monkeys that sundved a 
toxic dose of morphin, heroin or codein were less severely affected by 
slightly larger doses given from a w'eek to a month afterward. No 
monkey surxdved as much as 80 mg. of codein phosphate per kilo of 
body weight, and 1 died from 60 mg. per kilo. Codein caused convul- 
sions frequently, heroin much less often and morphin never. Bj" 
administration of morphin, heroin and codein monkeys were ma e 
tolerant of increasingly large doses. After 8 or 9 months 200 mg. per 
day of morphin caused less severe immediate symptoms than lu o 
40 mg. did during the first six weeks; 39 mg. of heroin caused ess 
severe symptoms than did 4 mg. at first; llO mg. of c^ein caused l^s 
severe symptoms than did 10 mg, in the beginmng. One amma 
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was started on morphin was kept on it or on heroin for 52 months. 
Gradual deterioration in general health was caused by daily adminis- 
tration of codein, morphin and heroin. Codein was decidedly the most 
harmful and heroin the least. Morphin caused marked dependence, 
shown by a crouching posture, facial distortion, hypersensitiveness, 
fall in temperature and, in 1 case, death on withdrawal of the 
drug. Heroin caused less dependence and codein was not definitely 
shown to produce dependence. Monkeys made tolerant to large doses 
of morphin, heroin or codein were tolerant to large doses of all three 
drugs, but the dependence produced by morphin and heroin was not 
satisfied by codein. Tolerance was almost completely lost in about 
2 weeks after withdrawal of the drugs, and the monkeys improved in 
health and general appearance during the remainder of the period of 
abstinence. Monkeys abstinent for 6 weeks or 2 months after having 
received daily doses of morphin or heroin for 16 months or more were 
more sensitive and less resistant to the drugs when injections were 
started again than they had been in the beginning. Some of these 
cases reacted with marked spasticity. 
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Anesthesia in Ameba. — L. V. Heilbrunn (from the Laboratory of 
Zoology, University of Pennsylvania). In many respects, the common 
ameba is an excellent form for the study of anesthesia. Because of its 
continuous movement, it is easy to establish criteria of anesthetic 
action. Moreover, the viscosity of the ameba protoplasm can readily 
be studied, and one can thus obtain information regarding the effects 
of anesthetics on the colloidal properties of the living substance. By 
studying tlie two common types of ameba, Ameba dubia and Ameba 
proteus, it is possible to study the physical properties both of the internal 
protoplasm and of the outer cortex or plasmagel. In Ameba dubia, it is a 
simple matter to determine the viscosity of tlie internal protoplasm 
(plasmasol) by the centrifuge method (Heilbrunn, 1929). On the other 
hand, when Ameba proteus is centrifuged, one may determine the 
speed with which granules or crystals are moved through the plasmagel. 
A complete picture of both the internal and tlie external protoplasm 
is thus obtained. 

Ameba is readily anesthetized by potassium salts in dilute solution, 
and the potassium ion has a very marked liquefying action on the 
plasmagel. Magnesium has a less pronounced anesthetic action, and 
its effect on the plasmagel is less pronounced. The anestlietic action 
of botli potassium and magnesium ions is antagonized by calcium. 
Preliminary studies with fat solvents indicate tliat in tliis type of anes- 
thesia also, the plasmagel becomes more fluid. Certain other agents 
also stop Bie movement of tlie ameba by liquefying the plasmagel. 
These agents include heat and ultraviolet radiation. 
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The Reducing Power of Glomerular Urine and Blood Plasma from 
the Frog.-A. M. Walker, J. R. Reisinger, and E. H. Ellinavood 
(iiotn tile Ijalioratory of Pharmacology, University of Pennsidvania). 

A inrero modification of Sumner's dinitrosalicylic acid method was 
dcscniied whidi makes it possible to analyze O.^c.mm. of known glucose 
solutions with a maximum error of 3 mg. per 100 cc. The method is 
■applicable to similar amounts of frog plasma, the results being in close 
agrcement AvitJi those yielded by the Hagcdorn-,Tensen method. Thirty- 
tAVo experiments have been completed on intact frogs in which the 
reducing substance content of glomerular urine and plasma hai'e been 
measured. The mean difl'ercnce between the two fluids Avas 2.1 mg. 
per 100 cc. with a mean deviation of 3. It Avas concluded that the 
reducing substance content of the tAvo fluids is identical— a result in 
harmony Avith previous experiments from this laboratory Avhich haA'e 
indicated the function of the glomerulus to be one of filtration. 

A series of .5 frogs received preliminary injections of phloridzin 
before the glomerular collections AA’cre made.' In no one of these 
instances did the glomerular fluid contain more reducing substances 
than the plasma. It Ai-as therefore concluded tliat the glomeruli played 
no active part in the glycosuria AA’hich foIloAA'ed the use of this drug.- 

Cerebrospinal fluid has been collected for 10 frogs by cisternal punc- 
ture and analyzed by the metliod described. The mean reducing sub- • 
stance content Avas 13 mg. per 100 cc. less than that of plasma simul- 
taneously collected. 


Effect of Pituitary Removal on the Survival of Decerebrate Cats. 
— H. C. Bazett (from the Laboratory of Physiology, University of 
Pennsyl Amnia). Recent work has tended to discredit the idea tliat tlie 
pituitary is essential to life.^ In view, however, of the presence of acces- 
sory pharyngeal glands of anterior lobe type, of a pars tuberaiis extend- 
ing oA^er the infundibulum,- and of the identification of secretory cells 
of anterior lobe character extending into the tuber cinereum,^ it is certain 
that no complete remoAml on a physiologic basis has been attained 
Avithout a complicating nerve injury. Sjunptoms are ascribed by some 
to the pituitary, by others to nerA'e lesions (particularly diabetes 
insipidus and adiposity) and Bourquin^ eA-en attributes diabetes insi- 
pidus to in-itation of a chemical mechanism existing in the corpora 
mamillaria. The decerebrate cat is of Amlue in that the hypothalamic 
region may be left m situ Avliile isolated from the rest of the brain, so 
that it could produce effects Ada chemical but not Ada nervous channels. 

The technique of obtaining elironic decerebrate cats described in 
1922° has been improAmd, first, by using “Nembutal” as an anesthestic 
to diminish hemorrhage during and after operation; second, by keeping 
the animals in a Avarm moist I'ooni (21 ° to 22° wet bulb, 24° to 26 dry 
bulb) to decrease risks of infection and dessication. Rectal temperatm-e 
is controlled by electrical resistance thermometers connected to^ a 
Leeds and Northrup recording potentiometer. By a system of selectn^e 
SAvitches and relay's the temperatm-e of each of a series of 4 animals is 
sampled for If minutes eA^ery 9 minutes, and a heating light below the 
animal is automatically switched on or off as required. 

The EAmrage surAdval time of S control animals, in which tlie pituitary 
and neighboring isolated brain was intact, has been greater than 11. S 
days (min. 3.6, max. 28.5) even though several animals have been 
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deliberately killed for other purposes after 1 week. When the pituitary 
and the hypothalamic brain area have been removed, the average sur- 
vival time (8 animals) has been 4.33 days (min. 1.25, max. 6.25). Death 
has occurred preceded by an initial but subsiding polyuria, loss of weight 
gradually decreasing in rate, a terminal rapid re.spiration without 
respiratory infection (also noted earlier’’), and a tendencj’^ to vomit, but 
there has been little or no tendency to the convulsive movements 
observed in earlier experiments.® 

Two animals died with this typical symptomatology without the 
pituitary being removed; in one (life 4.25 days) the brain stump was 
negligible but the pituitary intact, in the other (life 5 days) the 
pituitary was demonstrated liistologically normal but the neighboring 
brain tissue was soft and degenerated. 

The following provisional conclusions maj’^ be drawn : 

1. Under the regime described with a food intake of 200 cc. of milk 
a day some chemical effect of the pituitary and surrounding brain 
tissue is essential for survival. 

2. The chemical functions of this area are more readily attained when 
the anatomical relationsliip of the pituitary to the brain stem is not 
disturbed. 

3. The hypothalamus itself is probably not essential, for survival 
has been observed in one case in its absence.® 

My thanks are due to Mrs. Friedman, who assisted in developing the 
technique, to Dr. Friedman for making histologic sections of the pitui- 
tary, and to Mr. A. Afford and H. Goslyn for their careful nursing of 
the animals; also to the Abbott Laboratories for supplying “Nem- 
butal.” 

1. Smith, P. E.: Anat. Rec., 1930, 45, 205. 

2. Ceiling; Physiol. Rev., 1926, 6, 64. 

3. Berger, L.: Presse. med., 1930, 38, 1729. 

4. Borquin: Am. J. Physiol., 1929, 88, 519. 

5. Bazett and Penfield: Brain, 1922, 45, 185. 

6. Bazett, Tychowski and Crowell: Proc. Soc. E.vper. Biol, and Med., 1924, 22, 39. 


The Effect of Toxic Doses of Irradiated Ergosterol Upon the Com- 
position of Rat Bones.— J. H. Jones and G. M. Robson (from the 
Laboratory of Physiologic Chemistry and Laboratory of Pathology, 
University of Pennsylvania). The premise that irradiated ergos- 
terol, at least in large amounts, can increase the absorption of calcium 
(and possibly phosphorus) from the intestinal tract and also mobilize 
this element from body tissue is being gradually substantiated. The 
most obvious source of body calcium is tlie skeleton, and several 
attempts have been made to show tliat inorganic constituents have 
been withdrawn from the bones during irradiated ergosterol intoxica- 
tion. The results of chemical analyses of bone have been somewhat 
contradictory and misleading due primarily to the use of growing 
animals. Since there was a normal increase in the percentage of Iione 
ash of the controls during the e.xperimental period no reliable basis 
for comparison was available. In other cases insufficient vitamin D 
preparation was given to produce a toxic condition or so much was 
administered that the animals died before irradiated ergosterol had 
opportunity to e.xert any influence on the bones. 
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In the following experiments 36 rats divided into 3 groups were used 
Jien placed on experiment tlie animals varied in age from 68 to 138 
days. IVo groups were used as controls, tlie first of which Avas killed 
0 ^ 1 “® beginning and the otlier at the end of the experimental period 
Sufficient irradiated ergosterol was given to the e.xperimental animals 
to cause toxic symptoms followed by deatli Avithin 6 weeks to 2 months 
after tlie beginning of tlie feeding. The right femur from each animal 
Avas removed and analyzed for ash. The distal end of the other femur 
and the proximal end of the corresponding tibia were removed and 
fixed for Jiistologic examination. Before ashing, the right femora were 
Roentgen-rayed in a group on one plate. The ash analyses revealed 
that, in general, tlierc Avas a marked decrease in the percentage of bone 
ash; tile maximum reduction being about 10 per cent AA'hen compared 
AA’ith a litter-mate control. Upon histologic e.xamination it Avas found 
that tlie cortex of tlie shaft had become very porous. The porosity 
was due to a complete destruction and resorption of organic as well as 
inorganic matrix, and tlie spaces so formed Avere filled witli marrow. 
Under the high power magnification many osteoclasts Avere discernible 
AA'hidi Avould indicate an osteoclastic destruction of tlie bone. There 
Avas no evidence of a simple chemical removal of the inorganic salts. 
The densities of tlie roentgenograms Avere determined wifii a densi- 
tometer.* It was found tliat tlie densities of the negatives of the bones 
of the experimental animals AA-ere about 10 per cent greater than those 
of either of the control groups. Since tlie measurements were made on 
the negative,; tlie densities of the bones themselves Avould be corre- 
spondingly decreased. There Avere a few discrepancies between the 
chemical, histologic and Roentgen ray findings but these occiured 
among the younger animals. All experimental animals above 100 days 
of age shoAA'ed a loss of bone matrix as shoAvn by chemical, histologic 
and Roentgen ray studies. No CA'idence was obtained to indicate that 
this action is specific for irradiated ergosterol. It is possible that 
chronic intoxication caused by otlier substances may produce similar 
effects. 

* We wish to thank Professor Charles Weyl and Mr. Reid AV^arren of the Moore 
School of Electrical Engineering for making the densitometer determinations. 
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MEDICAL APPLICATIONS OF ANTI-COLIBACILLARY SERUM.* 

By H. Vincent, M.D., 

PROFESSOR AT THE COLLEGE OF FRANCE, 

' PARIS, FRANCE. 

(From the Laboratory of Infectious and Epidemic Diseases.) 

Numerous works published during the last few years have 
directed attention to the great frequency and importance of infec- 
tions due to B. coli. It has been found that a certain number of 
ill-defined infectious states are due to this microorganism. Primary 
infection of the kidney and bladder caused by B. coli is extremely 
common and, when slight, is apt to escape recognition. 

B. coli may be the active cause of grave septicemias, particularly 
in children. This organ may implant itself in any of the organs 
or tissues; brain (H. Vincent), meninges, endocardium, pharynx, 
intestine (infantile cholera, severe enterocolitis), liver (intense 
jaundice, H. Vincent), spleen, peritoneum (gangrenous appendicitis), 
Fallopian tubes, ovaries, uterus, respiratory apparatus (infantile 
broncho-pneumonia), and the bones and periosteum (H. Vincent). 
It is well known as a frequent cause of infection of the urinary 
apparatus, tlie prostate and the seminal vesicles. 

In nursing infants the localization of B. coli in the kidneys gives 
rise to extremely grave suppurative p 5 '^eIonephritis, which may escape 
recognition simply because it has not occurred to any one to collect 
the urine separately. In the adult, constipation and pregnancy 
arc frequent underlying causes of suppurative coli-bacillary pyelo- 
nephritis botli acute and chronic. 

B. coli is not only dangerous by reason of its infective properties 
and its rapid proliferation in the blood, viscera and tissues, but also 

* Translated by Edgar Erskine Hume, 
voi,. 1S3. NO. 3. — M.encii, 1932 
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on account of the toxin it produces. In previous studies, I have shown 
that there is not merely one coiibaciilary toxin. The bacillus 
secretes (1) a neurotropic thermolabile cxotoxiiij destroyed by a 
temperature of 72° C., Avhich causes widespread damage, sometimes 
indeed tlic destruction by true necrosis of the motor and sensory 
cells of the spinal cord. It also attacks the encephalon and tlie 
peripheral nerves and the sympathetic and vagus systems. 

(2) Secondly there is an entcrotropic thermolabile endotoxin, de- 
stroyed by a temperature of 9G to 9S° C., the ill effects of which are 
exerted on the intestine, the raucous membrane and the intestinal 
glands and Peyer’s patches as well as upon the hepato-biliary appa- 
ratus. There results profuse diarrhea, desquamation and conges- 
tion of tlie intestine, damage to the liver and catarrh of the bile 
ducts, etc. Colon bacilli moreover contain a toxic protein which 
after resisting a temperature of 100° C. is able to kill mice. 

From the strictly ])athologic point of mew, though contrary to 
general opinion, tliere is only one species of colon bacillus. On the 
strengtli of certain morphologic, chemical and cultural characteris- 
• tics (mobility, indol reaction, hemoljdic properties, sugar fermen- 
tation, action on neutral red, reciprocal inter-agglutination, etc.), it 
had been inferred that there was an infinite number of varieties of 
the colon bacillus. But, as I have shown, all these varieties have 
one property in common, namely, that of secreting a variable 
quantity of exotoxin and endotoxin, the former neurotropic, the 
latter entcrotropic and hepatotropic. The “index of toxicity” is, 
in accordance wdth a general law' in microbiology, verj'‘ variable 
according to tlie particular organism. 

Close clinical observation of patients reveals symptoms more 
particularly due to one or other of the toxins or to tlieir association. 
In the latter case, apart from the gastro-intestinal disturbances 
(diarrhea, jaundice, etc.) w'e may meet wdtli more or less severe 
nervous manifestations such as stupor, delirium, restlessness, late 
paralyses, psychasthenia, mental depression, melancholia, etc. 
One or other of these symptoms predominates according to the case. 

Experimentally w^e can set up choleriform sj^mptonis in rabbits 
with persistent diarrhea and a low fever (endotoxin) or even 
nervous symptoms such as ascending paralysis, monoplegia, fan- 
tastic behavior. A rabbit injected w'ith toxin ivould bite the ears 
of the other rabbits, both male and female, as w'ell as guinea-pigs 
which had been placed in the same cage. These last-named symp- 
toms were the effects of the neurotropic exotoxin. 

As a result of my bacteriologic investigation of the colon bacillus 
and its toxins as well as other experimental data, I w'as led to prepare 
a therapeutic anti-cohbacillary serum, at once anti-mfective ana 
anti-colibacillary, Tins serum, employed in numerous cases o 
grave colibacillosis, yielded very rapid and conclusive resuits. 

In 1925 I published the first instances of cure by the use ot tins 
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anti-colibacillary serum. It was a case of long standing severe 
infection (suppurative pyelonepliritis) which had proved refractory 
to every kind of treatment. Since that date various publications 
have confirmed the efficacy of this method of treatment in acute 
and chronic infections diie to B. coli. 

Medical Affections in Which. Its Use is Indicated. Colibacillary 
septicemia is of rather frequent occurrence. Its symptoms closely 
resemble those of typhoid and paratyphoid fevers, A, B, or C, but 
there is no eruption of lenticular spots (H. Vincent). The diagnosis 
is established bj^ blood culture. In infants it is a very fatal disease. 
In tlie adult the death rate is about 4 per cent and the disease is apt 
to be very protracted. 

Anti-colibacillary serum treatment promptly brings about 
recovery from this septicemia. Under the influenee of tlie injeetions 
of serum (20 to 40 cc. per day), the temperature almost invariably 
returns to normal after the second or, at latest the third, day. The 
stupor subsides, the tongue becomes elean, the spleen returns to its 
normal size, the albuminuria disappears, and the patient soon 
begins to ask for food. 

This affection sometimes follows severe physical overstrain. 

I have notes of two instances of this. 

Case Abstracts. Case 1.— A young man, aged 21 years, following ■ 
over-exertion in sports in the middle of summer, developed very severe 
protracted septicemia. Blood culture revealed the B. coh. On the 38th 
day of his attack the temperature was still just over 103° F. He had 
albuminuria with signs of mjmcarditis, considerable loss of weight and 
pronounced weakness. Then four subcutaneous injections of 20 cc. of anti- 
colibacOlary serum, at the rate of one each day, cut short the disease. The 
temperature fell 36 hours after the first injection, the pulse became normal 
and the patient recovered without any complication or recurrence. 

Case 2. — Another instance of colibacillary septicemia of extraordinarj’’ 
gravity was in a girl, aged 3 years. There was hjq)erpyrexia of the con- 
tinuous tjqje, acute cholangitis with jaundice, intense acute nephritis with 
general anasarca involving the limbs, trunk, and face, complete torpor, 
nj'^stagmus, clonic contractions of the face, lips and lower limbs, etc. 

The prognosis pointed to imminent death. This child was given five 
injections (one a daj’-) of anti-colibacillary serum vith rapid, complete dis- 
appearance of all these formidable sjTnptoms. On the tliird day the tem- 
perature fell to normal and the child asked frequently for food. The 
jaundice 'and edema disappeared in less than a week. The nervous sjonp- 
toms cleared up after the second day. The little patient made a rapid, 
coinjilete recovery. 

Case 3. — Another not less striking case was that of a woman, aged 28 
years, 6 months pregnant, who was suffering from acute colibacillary septi- 
cemia vdth suppurative p 3 ’'elonephritis, almost complete anuria, torpor, an 
eartlu’’ color of the sldn, temperature of 105° F., jaundice, infective purpura, 
etc. This patient, in the wards of Professor Chevassu, appeared to be con- 
demned to die in the course of a few da.vs. The desirabilit.v of inducing abor- 
tion was discussed but ni.v colleague objected, asserting that the onl}' effect 
would be to kill both mother and child. The kidncA’’ pelves were drained for 
24 hours and 40 cc. of the serum was injected daih' for several da 3 's. The 
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toinperature returned to normal within 36 liom-s. On the fourth day the 
patient got up and ate a mutton cutlet belonging to another patient, 
univno'\\7i to the doctor and nurse. Slie made an excellent recovery and 3 
months later was delivered of a fine child, without any complication, infec- 
tive or otherwise. 


Ihese instances show tiiat wc arc eft‘cctuall 3 ’’ armed against the 
most alarming forms of the blood infection set up B. coli. 

Suppurative Pyelonephritis. This must be mentioned among tlie 
commonest localizations of colibacillosis accompanied or not by 
cj'stitis of the same kind. Of .frequent occurrence in children just 
as in adults, often vcrj’^ refractory, this affection is also met with in 
the pregnant woman in consequence of the pressure exerted bj^ tlie 
fetus on tile riglit kidney and tlie intestine. Pressure on the renal 
vein further aggravates the stagnation of blood in Bie kidney. VTat- 
ever the cause maj' be, suppurative pyelonephritis yields to the anti- 
colibacillary'’ serum treatment. It is as much a surgical as a medical 
disease. I shall deal with this in a later paper devoted to the sur- 
gical applications of anti-bacillary serothe^apJ^ 

The Gall Bladder and the Liver. Both these as I showed in 1893, 
are sometimes invaded by the coli bacillus in cases of grave jaundice. 


Case 4. — An elderly patient wliose case was communicated to me by 
Dr. Verain, Chef de Laboratoire at the Nancy School of Medicine, was 
suffering from B. coli suppurative pyelonephritis of long standing (5 years), 
until C 3 'stitis and advanced anemia (1,600,000 red corpuscles). Shortly after 
she had a inolent attack of cholecystitis accompanied by higli temperature, 
diarrhea and grave septic symptoms. Urotropin in large intravenous doses, 
auto-vaccines and other forms of treatment had proved useless. 

On and after October 3, 192S, tin's patient was given five injections (one 
a day) of anti-colibacillary serum. At that time her temperature was 
between 104 to 105 ° F. IVitliin 3 day'^s the temperature had fallen to normal. 
The urine became quite clear and the symptoms of acute cholecy'stitis had 
completely disappeared. 

In tliese cases of diolecy'^stitis we must, of course, begin by making 
sure that B. coli is really the cause of the condition by obtainmg a 
specimen of bile by duodenal drainage. This bile is examined micro- 
scopically and bacteriologically'' and, after dilution,^ is inocm^e 
in different suitable culture media for tlie identification and diner- 
entiation of tlie bacillus. 

Disorders of the Nervous System. B. coli may produce -nervous 
complications by its neurotropic toxin (exotoxin). This as a matter 
of fact may attack the central nervous system, the perip era 
nerves or the sympathetic or vagus nerves, often setting up imme 
diate symptoms, though these may'^ only supervene later on. 
does not always occur to us to refer such symptoms to their re 


lUSGS. 

Experimentally, progressive ascending paralysis consequent upon 
cute or chronic myelitis can be readily induced 
le injection of colibacillary toxin. It is quite possible tliat some 
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of the cases described as Landry’s ascending paralysis^ in man are 
due to intoxication produced by the neurotropic exotoxin of B. coli. 
Moreover, also in man, paraplegia may supervene in renal subjects 
(Gilbert and Lion) and in patients who have formerly suffered from 
colibacillary septicemia. I have seen the appearance of slow para- 
plegia, coming on 5 years after recovery from general infection of 
this kind, complicated by pyelonephritis and suppurative cystitis. 
The bacillus, isolated in the course of the septicemia, secreted a very 
active neurotoxin which rapidly paralyzed rabbits. 

The clinical interest of such data is very great because they 
enable us to understand certain nervous affections of indeterminate 
origin. No doubt coli-bacilluria may and often does supervene 
secondarily in paraplegics, but it must be recognized that coli- 
bacillosis may itself directlj'* determine these lesions of the spinal 
cord. In such case we find in experimental animals and in man, 
pronounced diffuse changes in tlie motor and sensory cells of the 
cord (H. Vincent, 1922). 

As soon as these symptoms make their appearance, the anti- 
colibacillary serum should be injected forthwith because it, by 
virtue of its powerfully antitoxic properties (antimicrobic as well), 
will neutralize the toxins and bring about recovery. The adminis- 
tration of the serum should be continued until all the symptoms 
have disappeared. 

Certain species of B. coli secrete extremely active neurotrdpic 
toxins. 

Case 6 , — An instance of this occurred in a woman, aged 70 3 '^ears, who 
was suffering from very long standing, grave double suppurative p3’’elo- 
nephritis. Her urine contained a predominance of B. coli ; but also staph3do- 
cocci, enterococci, diphtheroid bacilli, and anaerobes. 

This patient had reached an extreme degree of marasmus. She was 
unconscious, delirious, comatose, quadriparetic, was unable to speak or to 
recognize her husband and children, was suffering from fecal and urinar3’’ 
incontinence. Death at an earb-- date appeared inevitable. The condition 
had been diagnosed uremia. In rea]it3'’ she had co]ibacillar3’- toxi-infection. 

She was given 40 cc. anti-colibacilIar3'' serum a day for S da3'^s, as well as 
m3'- new antistreptococcal serum, in view of the presence of streptococci 
in the urine. This patient recovered consciousness in 3 or 4 da5's. The 
paresis of the arms and legs, the fecal and urinar3'^ incontinence, the aphasia 
and the mental clouding entireb’- disappeared. She resumed her usual life. 
She M'as able to converse, eat, telephone and look after her household, and 
sur\'ived for about 2 years. Colibaci]lar3’- toxi-infection was therefore 
indubitabb'’ the cause of these grave nervous disturbances. 

Cases of this kind have greatb'^ astonished practitioners who have 
witnessed tliem. I m 3 ’^self, endowed vdth scientific skepticism, only 
accepted them as authentic after having directb'’ controlled the 
data. 

I ma 3 ' recall on the otlier hand tlie formidable nervous s.vmptoms 
(absolute torpor, delirium, clonic and tonic convulsions of the face 
and limbs, n 3 'stagmus, etc.) in the child described above and who 
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completely recovered witli extraordinary rapidity from the septi- 
cemia and from all the accompanying symptoms. 

. Gastro-intestinal Disorders. Tlie study of the nervous or neuro- 
pathic symptoms present in certain cases of B. coli septicemia, as 
well as in certain cases of acute or long standing pyelonephritis and, 

■ lastly, in a large number of cases of refractory enteropathies (entero- 
colitis, chronic muco-membranous enteritis) which are neither tuber- 
culous nor parasitic, has led me to investigate tlie relationship of 
these complications to colibacillary intoxication itself. In patients 
infected by B. coli, we often get more or less serious gastro-intestinal 
disturbances and at the same time characteristic neuropathic 
reactions: on the one hand, ndsceroptosis, ptosis of the colon, intes- 
tinal spasm, painful colic, attacks of diarrhea following periods of 
constipation, mucous or Iiilious stools, etc.; on the otlier hand, 
excessive mental irritability alternating with periods of depression, 
incapacity for work, melancholia, outbursts of weeping, refractory 
insomnia, headaclie, symptoms of neurasthenia or even by psj^chas- 
thenia merging, it may be into suicidal tendencies. 

I liave brought before the Academy of hledicine of Paris* (April 
19, 1930) instances of these morbid states in which the double 
intoxication of the patient by B. coli enterotoxin and neurotoxins 
were completely verified, as all the symptoms of enteritis and 
neuropatliy disappeared in a few days after the influence of anti- 
colibacillary serum. And these symptoms have not recurred. 

Among sucli cases was a woman w'ho had been ill for 5 years. 

Case 6, — Another was that of a man, aged 72 years, who Jiad been suffer- 
ing from refractory chronic enterocolitis since IS years of age. _ He had 
therefore been ill for 54 3 'ears. He had traveled all over Europe in search 
of health and had consulted numerous ply'sicians without any other result 
than the confirmation of the diagnosis of a “muco-membranous entero- 
colitis." The various methods of treatment, and especially vaccines 
including autovaccine, had conspicuously failed. His neuropathic state 
was very bad. ' ... . . 

Having received six injections of the anti-co]ibacillar 3 ’^ serum this patient 
was cured in a few days. Erom this time forth he had regular bowel motions, 
no longer presented any nervous disturbances and could partake of ordi- 
nary food. Tlie serum had given this 78-year-old man, by a striking 
improvement, the sense of having been restored to normal health, a feeling 
which he had not had since he was 18 3 "ears of age. Seven months later 
he stated that “his health had remained quite remarkable such as it had 
never been since Iiis youth" (H. Vincent, Academia de Medecine, Paris, April, 
29, 1930). 

Nor is this characteristic case an isolated one. I have witnessed 
recovery in cases of much shorter standing than the preceding one 
but suffering nevertheless from intestinal disturbances witii diarrhea 
and grave neuropathic symptoms, obliging tliem .persistently to 
follow, without appreciable result, a very strict regimen and some- 

* Vincent: Role de la toxi-infection coUbacilJaire dans certaines ent&opatbies 
chroniques. Action de la sjrotherapie anticolibacillaire dans ccs 6tats morbides, nu 
Acad, de m6d., Paris, 1930, 103, 431. 
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times incapacitating them for work. We all know how difficult it is 
to bring about a cure, or even improvement, in these entefbpathic 
neuropathic, subjects. 

The very rapid disappearance of this complex group of enteritic 
and neuropathic symptoms as soon as we had administered the 
specific anti-colibacillarj'’ serum, demonstrates that the etiology and 
'pathogeny of chronic enter o-colitis, sometimes referred to as mucous or 
muco-memhrano^is colitis, must be regarded from a new angle. 

It should be considered as a toxi-infectious disease, though perhaps 
more toxic than infectious. It is consequent upon the absorption in 
the small, as well as in the large, intestines of thermostable entero- 
toxin (endotoxin) and of thermolabile neurotoxin (exotoxin) 
secreted in contact with the intestinal mucosa by innumerable colon 
bacilli which normally vegetate in the digestive tract. This micro- 
organism, as is well known, predominates in the intestines. We can 
count a hundred billion a day in the stools of the healthy subject. 
The enormous proliferation of this parasitic organism is inoffensive 
in the healthy subject, because the liver, the bile and the pancreatic 
and intestinal secretions are normal, and the neutralizations of tlie 
toxins is therefore continuous and complete. I have, on various 
occasions, repeated my researches into this physio-patliologic prob- 
lem and I will sum up in a few wmrds my views on the subject. 

In the normal state the bile is tlie principal agent of disintoxication 
of the intestine. The bacteria wffiich vegetate there in prodigious 
numbers and elaborate their dangerous poisons are however 
rendered innocuous because the bile readily and completely neu- 
tralizes their toxins as they are secreted. (H. Vincent.) The 
essential element of the neutralizations of the microbial poisons 
poured into tlie intestine is the normal soaps contained in the bile: 
tlie oleate, stearate and palmitate of sodium (H. Vincent, 1907). 
Hitherto sufficient importance has not been attached to the physio- 
logic and biologic role played by these bile soaps. Yet their pro- 
portion and their fixity show that there can be no question of an 
indifferent principle. Analyses made by Hoppe-Seyler shoiv that 
normal bile contains 1.39 per cent by weight of soaps, principally 
in the form of palmitate of sodium. According to Hammarsten, 
human bile contains 1.01 grams of fatty acid soaps per 1000. Noiv,. 
as I have shown in various publications in 1907, and 1908, and 1909, 
since confirmed by numerous researclies in other countries, especially 
in the United States (Larson and Nelson), tliese soaps have even 
in almost infinitesimal proportions, the property of destroying the 
most dangerous toxins (tetanus, diphtlieria, colon bacillus, B. 
edematiens, septic vibrio, etc.). For instance from two to four 
millionths of a milligram of palmitate of sodium neutralizes an 
otherwise lethal dose of tetanic toxin.* 

* Tlio soaps apparently do not really destroy the toxins but .are thought to 
envelop the particles of toxin in a film, thus transforming them into what I have 
termed "cryptotoxins." The bile salts are, strictly speaking, verj' slightly antitoxic. 
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I am inclined to think that patients suffering from chronic mueo- 
membranous entero-colitis originally suffered from hepatic insufS- 
ciency and consequently an insufficiency, especially qualitative, 
of tlie bile secretion, the soaps not being present in their normal 
proportion in the bile. 

In patients who are in a state of hepato-bacillary insufficiency 
the normal multiplication of the intestinal bacteria, niore particu- 
larljr of tlic colon bacillus, becomes a danger, the greater since these 
subjects are usually constipated. Furthermore as the soluble 
poisons secreted by these microorganisms are no longer completely 
neutralized by their continuous absorption, they become a continu- 
ous danger. This explains the whole of the symptoms observed in 
enteritic patients. The following very variable symptoms diarac- 
terize sudi intoxications: pallor, subicterie hue or actual jaundice, 
tenderness of the liver or gall bladder (representing the fixation of 
the endotoxin on the hepato-biliary apparatus). On the other hand 
tlie spasm of the colon, colic, constipation or fetid diarrheic out- 
bursts resulting from this spasmodic state, the contractures, either 
in the right or the left half of the large intestine, are the effects of 
the local intoxication of the vagus and the sympathetic, by the 
two toxins I have described. The neuropathic or constitutional 
trouiiles (asthenia, myalgia, irritability, depression sometimes giving 
rise to ideas of suicide, the sensation of angm'sh, the refractory- 
insomnia, etc.), characterize the intoxication of the central nervous 
system more particularly by the neurotoxin (exotoxin) of B. coli. _ 

I have endeavored to verify the colibacillary origin of these toxi- 
infectious phenomena by studies of blood reactions (the precipitative 
or agglutinative power of the patient’s blood, fixation of the com- 
plement), but the results have been irregular and uncertain. More 
to the point is the finding of abundant B. coli in the urine, though 
this is not always the case. But in a high proportion of cases, there 
is one important confirmation of the elective and preponderant 
action exerted by the colon bacillus in producing the preceding 
group of symptoms and that is the rapid and often immediate 
disappearance of all these intestinal and neuropathic disturbances 
under the influence of treatment with the anti-colibacillarj^ serum. 

This new conception, at once of great theoretical and practical 
interest, leads to a rational understanding of the pathogenesis of an 
affection the nature of which is much in debate. Lastly, and most 
important, it cuirdinates in the cure, hitherto very slow and very 
difficult, of this disease, since mucoid or muco-membranous entero- 
colitis may last for years, sometimes, throughout life, and greatly 
handicap the patient’s existence. _ .... 

In a recent publication I called attention to the toxi-mfectious, 
or more precisely, colibacillary origin of certain states of d^entia. 

I have had under my care a case of a young man, aged 

with dementia precox, following colibacillary septicemia. Then too 
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I have recorded notes of a patient, aged 47, who for 6 months had 
been suffering from extraordinarily obstinate constipation and ulti- 
mately from urinary colibacillosis. This patient presented symp- 
toms of hypochondria witli fugues, delirious mania, ideas of perse- 
cution and suicide, and intense mental depression and mutism. 
At the same time he suffered from well-marked digestive disturb- 
ances and total loss of appetite. He was cured after six injections of 
40 cc. each of anti-colibacillary serum. 

These examples deserve to be placed on record because they may 
in some cases provide an explanation, hitherto very uncertain, of 
various mental disturbances, and may conceivably result in their 
cure. In such cases, therefore, it is advisable to inoculate an animal 
with the urine in order to ascertain whether the B. coli be present, 
and systematically to investigate whether in the patients’ ante- 
cedents, there have not been grave, persistent gastro-intestinal 
disturbances, chronic constipation, or appendicitis (a very frequent 
cause, as I have shown, of pyelonephritis and coli-bacillaria) el- 
even of a septicemic infection, clinically resembling typhoid or 
paratyphoid fever, which may have been unrecognized colibacil- 
lemia. 

It is important to commence the anti-colibacillary serum treat- 
ment in these cases as early as possible. As with diphtheritic paral- 
yses where the fixation of the toxin in the nerve centers may become 
irremediable, so pan passu the colibacillary toxin, if the serum 
treatment be delayed, may cause lesions of the nerve centers which 
will prove refractory to this otherwise energetic treatment. 


INFECTIVE ASTHMA: INDICATION OF ITS ALLERGIC 

NATURE. 

; By Robert A, Cooke, M.D., 

NEW YORK CITY. 

(From the Department of Pathology and Immunology, Division of Applied Immun- 
ology, Cornell University Medical School, and the First Medicai Division 
of the New York Hospital.) 

There is no doubt but that bacterial infection of the respiratory 
tract may cause asthma of an acute and paroxysmal as well as of a 
chronic form. There is, however, a great deal of doubt whether or 
not asthma of infective origin should be considered as an allergic 
reaction. Some recent studies of this condition from two different 
angles may help in the solution of the problem. They deal, first, 
with heredity and, second, with the eosinophil response. 

Heredity has been shown to be important not as a cause but as 
a factor that may create in the offspring of sensitized antecedents 
the capacity for or tendency toward that form of allergy typically 
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exemplified by the seasonal hay fever from pollen. Tlie report of 
Vander \ eer and myself/ in 1915, has been abundantly confirmed 
and accepted. In a later study by the author and Spain= we 
excluded cases not giving the immediate positive skin test. IVe 
were, therefore, dealing with that form of allergy in man charac- 
terized by a sensitization of the skin and, as a rule, by the presence 
of circulating antibod 3 ' in the blood. 

In this skin-sensitive group hereditarj- influences are evident, but 
studies on iJie hereditarj' factor in the so-called nonsensitive group 
of asthmatics have not appeared in the literature. With some 
exceptions, the terms '"nonsensitive” and "infective” are practi- 
cally synonj’rnous, as applied to asthma. No immediate urticarial 
reaction on skin test with bacteria or their products has been found 
to haA^e etiologic or diagnostic .significance and, as would be expected, 
skin-sensitizing antibodies are not demonstrable in the blood in 
such cases. 

We have now collected data on a series of cases of asthma tliat 
are semi-selected. By that I mean that the group comprises con- 
secutiA'e cases, selected onl^* to the extent that they were studied 
to a satisfactory diagnosis and were cases in which an adequate 
familA^ historA'- was obtained. There resulted 688 cases. Grouped 
according to cause as nonsensitive (infective), sensitive (atopic) and 
combined, the cases are arranged, depending on the age of onset of 
asthma, in different age groups for comparison. The figures are 
tabulated in Table 1. Dmded in this way some age groups are 


Table 1.- 


-Classification Showinq Hereditabt Influence in the Skin- 
Sensitive AND THE Infective Tfpe of Asthma. 


Asthma 
onset, age. 

Tola! 

number 

cases. 

Classification. 

Positive antecedent historj’. 


Infective. 

Combined 

Atopic. 


mm 

No. 


m 

'% 

No, 

\ 

% 


/o 

No. 

7d 

No. 

K 

0 to 3 . . 

106 

54 

50 

33 

31 

in 

19 

36 

67 

30 

91 

14 

7i 

3 to 5 . . 

42 

25 

.59 

7 

17 

10 

24 

10 

(U 

6 

86 

S 

80 

5 to 10 . . 

70 

48 

68 

13 


9 

13 

;« 

71 

9 

69 

5 

50 

10 to 15 . . 

65 

36 

65 

13 

24 

0 

11 

24 

67 

6 

46 

6 

100 

15 to 20 . . 

79 

.50 

63 

17 

22 

12 

15 

24 

48 

8 

47 

6 

50 

20 to 30 . . 

123 

70 

57 

39 

32 

14 

11 

31 

44 

14 

36 

6 

43 

30 to 40 . . 

117 

44 

37 

mam 

43 

23 

20 

13 

30 

17 

34 

7 

30 

40 to 50 . 

54 

15 

28 

32 

59 

7 

13 

5 

33 

s 

25 

4 

57 

Over 50 . 

42 

7 

17 

31 

74 

4 

9 

0 

0 

8 

26 

1 

25 




Av. 


Av. 


Av. 


Av. 


At. 


Av. 

Total . . 

688 

349 

51% 

235 

34% 

104 

15% 

183 

52% 

106 

45% 

57 

55%, 


necessarily small. The high percentage (82 per cent) of positive 
antecedent histories of allergj^ in the purely infective group up to 
the age of 10 j^ears, as contrasted with 67 per cent for the same age 
group in the skin-sensitive (atopic) cases and a positiA’e antecedent 
histoyy of allerg.v in 45 per cent of the entire infective group of 
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106 as contrasted with 52 per cent of 183 atopic cases indicates 
I believe, that the underlying biologic capacity for sensitization 
transmitted to the offspring by allergic antecedents is similar in 
the infective and the atopic cases. 

We are not here so much interested in the fact that in 195 cases 
of asthma the antecedent history was one of asthma in 66 per cent 
and of other atopies in 34 per cent. This is somewhat lower than 
the 80 per cent obtained by Clarke, Donnally and Coca.® It seems 
important, however, that in a specially studied small group of 66 
infective asthmas the antecedent history was one of pollen hay fever 
in 29 per cent. How many of the remaining 71 per cent had 
antecedents whose reaction was to noninfective causes could not 
be accurately determined, but there were a number. Vice versa 
not infrequently we find in atopic asthma an antecedent asthma of 
infeetive origin. We have not been able to study direetly antece- 
dent and descendant asthmatics in sufficient number for statistical 
figures, but the facts stated indicate not merely a similarity but 
rather an identity of the transmitted biologic factor in nonsensitive 
and sensitive asthmatics. 

The second angle from which we may derive some light on the 
possible allergic nature of infective asthma is obtained bj'’ a study 
of the eosinophil cells in asthmatics of the sensitive and nonsensi- 
tive types. The difficulties of such a study are enhanced by the 
lack of knowledge and agreement among hematologists on such 
points as the origin and function of this cell in normal and patho- 
logic states and the source and nature of the acidophilic granules. 
I shall only summarize from the very extensive literature on the 
subject the points dealing with questions of immediate interest. Of 
the monographs on eosinophilia those of Downey^ and Ringoen® are 
most useful on account of the careful and critical suiu'^ey of preced- 
ing literature as well as their own contributions. 

Normally the eosinophils of the blood may be formed in the bone 
marrow by a homoplastic, i. e., a mitotic, form of development, 
but more largely they are believed to develop by a heteroplastic 
dift’erentiation from nongranular mononuclear marrow cells and, in 
some mammals, in the hemolymph nodes. Ringoen® states (p. 36) : 
“Many eosinophil leukocytes are developed in the hemolymph 
nodes, for numerous mononuclear forms are present.” 

As to the nature and origin of the acidophilic granules of the cells 
there is great diversity of opinion. That the granules are exogen- 
ous material taken up by phagocytosis is maintained by Weidenreich 
and Schott, Sabin, Gutig, Bodertscher, Lewis and others,* while 
Maximow,* Downey* and Ringoen® seem clearly to have shown 
that at least as far as normal bone marrow is concerned the granules 
are an endogenous differentiation of the cytoplasm of nongranular 
cells and in their earlier stages may be basophilic. 

* Quoted from Downey: Loc. cit., pp. 153 and 194. 
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An extramedullary or histogenous origin of eosinophil cells has 
been observed under certain experimental conditions;, which we now . 
recognize as those that produce a hypersensitive state. This view 
is supported by Weidenreich, Maximo-w, Dowmey, Gutig, Pappen- 
heim and Dominici. Such a development Avas first observed by 
Weidenreich following repeated intraperitoneal injections of red 
blood cells, and he supposed the eosinophil granules in cells of the 
taches laiteuses of the rabbit omentum were hemoglobin phago- 
cjdosed-by l.ymphocytes. This erythrocjdic origin of the granules 
had been disproved by Maximow, Sternberg, Downey and particu- 
larly by Eingoen in his monograph in 1922. 

In 1 912 Schlect and Schrvenker® studied eosinophils in anaphylaxis. - 
These authors noted a marked blood eosinophilia in guinea pigs 
after shock and shorved eosinophilic infiltration of lung and peri- 
bronchial tissues, peritoneal fluid and tissue fluid from areas of 
skin edema (Arthus phenomenon). Thej’^ belieA'ed that the eosino- 
phil cells w’cre draAvn to the tissues from the blood and marrow and 
were not formed at the site of reaction. 


Ringoen’s more recent work (1922) substantiates the findings of 
these authors. He agrees that the eosinophil cells in peritoneal 
fluid produced by repeated intraperitoneal injections are not locally 
produced, chieflj^ because of the associated blood eosinophilia. He 
did find an histogenous tissue eosinophilia after a single subcuta- 
neous injection of hemoglobin. Tissue from an injected site was 
examined from the third to the Hvelfth day and mononuclear eosino- 
phil cells, Avhich he believes to be clasmatocytes, were found. He 
states further (p. 55) : “A resume of the literature . . . shows 
that a number of authors have derived eosinophilic leukocytes from 
various sources. Lymphocytes, large mononuclear, plasma cells 
and adventitial cells have all been taken into account as the parent 


cell of tissue eosinophils.” Thayer,^ in 1897, and Brown,® in 1898, 
show-ed the presence of eosinophils in muscle tissue infected Avith 
trichinae. They believe the neutrophils were transformed in the 

<1 O f»*rvQ 1 - 


blood of man. An eosinophil increase is seen in man in metazoan 
infestations, eczema, asthma, anaphylactic shock and serum disease 
and, as HicMingi“ has shoAsm, it may be a postinfective phenomenon. 
It also occurs in scarlet fever and during the third week of liver 


feeding in pernicious anemia.^^ 

In asthma the presence of a blood eosinophilia has long been 
known, but it is so inconstant' and irregular that no significance 
can be attached to it. It is certainly more apt to be present when 
blood is examined during the attack. In an article by the AA-riter,'- 
in 1918, 90 cases were reported. The eosinophil count was above 
4 per cent in G8 per cent of the cases Avith positive skin tests and in 
47 per cent of those wn'th negath^e test. 


Fig. 1 — Nasal wasliings, 


Monomiclear lymphocyte 
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Marked eosinophilic infiltration of the bronchi has been described 
in most of the pathologic reports on asthma since Huber and 
Koessler’s'^ noteworthy contribution in 1922. In view of the fact 
that at autopsy many eosinophil cells are seen in the bronchial Avalfi 
it can scarcely be questioned that these cells in the sputum are 
derived from the tissues of the bronchi directly. During asthmatic 
attacks eosinophil cells may be found in the sputum in practically 
all cases with repeated examinations, according to our previous 
studies. 

A similar type of eosinophilic infiltration is also well loiown in the 
so-called hyperplastic or hypertrophic forms of rhinitis and sinusitis 
vdth or without -polypi. In a recent paper Coates and Ersner^^ 
report on examinations of the antral membrane in 50 cases, as 
follows: “The cellular elements in the tissues were: Round-cell 
infiltration, lymphocjdes, polymorphonuclear leukocytes and ocea- 
sional eosinophils in the nonasthmatic group. The asthmatic mem- 
brane presented a predominance of eosinophils with some poly- 
morphonuelear leukocytes and lymphocj^tes.” 

Kountz and Alexander^® examined the nasal mucous membrane 
in 1 of their cases dying of asthma and found many eosinophil cells. 
Hanseh® has recently reviewed over 1000 cases studied by him in 
which nasal and sinus pathology existed in allergic individuals, and 
he notes the almost constant presence of eosinophil cells in such 
tissue. Just as has been noted for sputum, eosinophil cells are 
abundant in the nasal and particularly the antral discharge. Ej'^er- 
man^^ reported these cells in 72 per cent of a hypersensitive group 
and in 9 per cent of the nonsensitive group. 

In practically all of these reports one is led to infer, or else the 
statement is made, that this eosinophilia of tissues and seeretions 
of bronchi and sinuses is an allergic reaction and, therefore, cannot 
be due to the bacterial infection alone. In fact Hansel says in his 
sixth conclusion : “ The part played by bacteria as etiologic factors 

in nasal allergj^ has not been proved, and the general consensus of 
opinion is that bacteria are secondary'- invaders.” Huber and 
ICoessler,'^ diseussing the eosinophil infiltration of bronchi in asthma, 
say: “Its constant absence in certain forms of bacterial asthma is 
regarded as one important piece of e^^dence that there are types of 
asthma that may not be of allergic origin.” To this point of Hew 
we take exception and Avill give reasons for believing that the 
eosinophil cell represents an allergic reaction of tissue to bacteria 
or their products. 

Since our earlier I’eport,^" in 1918, we have been increasingly 
impressed by the presence of blood eosinophilia in asthma of purely 
infective origin, and during the past few months have collected data* 

* I am greatly indebted to my associate. Dr. R. C. Grove, for his diagnosis on 
the nasal condition of these patients and to Miss Winifred Kelly, -n-hosc special 
training in hematology has provided unusu.al technical assistance. 
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which vhile not extensive will bear presentation now. The cases 
haA^e been carefully studied, tested and classified as shown in 
Table 2. The groups as arranged are self-explanatory. In Groups 


Tabw: 2.— EostNOPHit, Study on 131 Active Cases. 



j niood. 

Sputum. 

Sinus discharge. 

No. with 
cosinopliils 
low in blood, 
but abund- 
ant in spu- 
tum and 
sinus 
discharge. 

Group. 

.N'o. 
exam, j 

1 

1 

No. 

over 

s% 1 

1 

No. 

exam. 

No. 

with 

cos. 

abund- 

ant. 

No. 

exam. 

i 

No, 

with 

eoB. 

abund- 

ant. 

1 

I. ABthrnu: infective oniy . \ 
II. ABtlitnn: infective (also 

1 

1 31 

1 

1 

13 

j IG 

1 13 

7 

other allcrRons) . 

Ill, Asthma: infective and ato- 

13 

i « 

1 




3 

pic 

32 

2i 





1 

IV. Astlimn: atopic 

IS 

4 

2 

I 



1 

V. Coryza: infective allcro* . 

15 



10 

G 

3 

VI. Urticaria 

13 

1 






Vll. Chronic 6\m\8 infection 


0 

' 

9 

1 

9 

0 



* 9 nbove S%; muxiiuuiii, 27%, t I above 8%; maximum, 9.5%. 


I and II infection is the sole cause of asthma, but it ivas thought 
that infection in cases with other allergies of the skin-sensitive type 
(Group II), such as pollen liay feA^er, though not actiA’e at the time 
of examination, might yield higher results than the purely infective 
asthmas (Group I). This does not seem to be the case. We find 
that a blood eosinophilia is not only more frequent but it is also on 
the aA'erage higher in infectiA^e asthma than in the asthma caused 
by substances to AA'hich a positiA'e cutaneous test was obtained 
(Group IV). 

That the eosinophils of sputum and antral exudates are probably 
of local tissue origin and not myelogenous is indicated: (1) By 
the fact that 16 cases in Groups I to V, AAith normal differential 
counts of the peripheral blood, shoAA’^ed abundant eosinophil cells 
in the secretion or exudate of bronchial and nasal mucous mem- 
branes; (2) a careful study of such smears also indicates that the 
eosinophil cells of the exudates are not all morphologically similar 
to those of the blood taken at the same time. 

The eosinophilic leukocytes of the blood are typical polymorpho- 
nuclear cells, AA'hile the eosin-staining cells of the exudates are not 
only polymorphonuclear but often more largely mononuclear, resem- 
bling both lymphoid cells and reticuloendothelial cells. 

Reproductions of characteristic slides showing these findings were 
made from smears of antral and bronchial secretion in a boy, aged 
13 years (No. 3466), AAUth an acute upper respiratory infection and 
associated asthma. His blood shoAved 4 per cent eosinophils, tins 
was his first attack of asthma since tonsils and adenoids were re- 


lOA^ed 5 years before. , , . i 

In many cases the eosinophil granules are abundant tlirougJioiu: 
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tlie smears of tlie exudates and do not appear to have the grouping 
that is charaeteristic of ruptured eosinophil cells. This indicates 
that the acidophilic granules are formed outside the cells and are 
later ingested by all cells with phagocjTic capacities, and under 
these conditions are strictly exogenous. This agrees with Downey’s 
statement (p. 154) of Weidenreich’s material which he examined: 
‘'All possible intermediate stages lead from the free granules to the 
fully differentiated eosinophil leukoc34;e.” 

In experimental anaphjdactic shock eosinophil cells represent 
. some phase of the allergic reaction, and since this reaction is a sys- 
temic one, medullary stimulation ensues with resulting blood 
eosinophilia. 

We may hj^'pothesize then that in asthma and in hay fever of the 
skin-sensitive type, blood eosinophilia results' only when the allergic 
reaction is sufficiently general and systemic to affect the bone 
marrow. Sternberg^® has shown that during active haj^ fever 
eosinophilia generally, though not invariably, occurs, and Cohen, 
Ecker, Breitbart and Rudolph^® proved that pollen ma}'^ be absorbed 
from the nasal mucosa into the circulatory blood and so effect a 
systemic bone-marrow response. 

So in infection, whether it be scarlet fever, empyema or asthma, 
the eosinophil production which may result may be regarded as a 
sensitization phenomenon equally as well as it is so regarded in 
serum disease and exiierimental anaphylaxis. When the infection 
is localized, as in the sinuses, an allergic reaction to bacteria may 
result, with subsequent formation of eosinophil cells in the infected 
tissues and thence in their secretions, but this only occurs in those 
individuals capable of such sensitization. For example, in chronic 
suppurative sinus infection without asthma it is rarelj’’ found in the 
discharge or in the blood. Only one of our 9 cases showed an excess 
in the sputum, in none was there an increase in the blood, and 
antral pus showed none. 

In infective asthma secondary to sinus disease an excess of eosino- 
phil cells in the sputum and antral discharge is practically a constant 
finding, whereas an increase in the blood is found in but 61 per cent, 
and in our series, in Groups I and II, 10 cases with normal blood 
eosinophil content showed excess of eosinophil cells in the sputum 
and antral discharge. The opposite condition of increased blood 
eosinophilia with absence of eosinophil cells in sputum and antrum 
has not been observed by us in infective asthma secondary to sinus 
disease. 

These facts lead us to believe that in this condition the eosinophil 
production is a local histogenous one and represents a local bacterial 
allergic reaction. If the particular stimulus is sufficiently absoihed 
to affect the bone marrow a blood eosinophilia would secondarily 
result. By such an hypothesis only can we explain the greater 
frequency of eosinophil cells in nasal and bronchial membrane and 
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secretion tlian in the blood. Support to this view is given by the 
fact that the histogenous eosinophil cells are not all morphologically 
like those of the blood, hence the theory that they are drawn to the 
tissues from the blood is not tenable, nor does such a surmise explain 
the presence of free acidophilic granules in the sputum and nasal 
discharge. 

Very little has heretofore come of the study of eosinophilia, though 
its relation to asthma has long been known. The present study 
contributes at least one fact that I believe of basic importance, 
namely, that an eosinophilia, local or general, is as important a 
part of the cellular response in asthma of infective origin as in 
asthma of the slcin-sensitive type. It is an immunologic, or, more 
specifically, an allergic response comparable to precipitin, agglutinin 
or other antibody. 

Sunamary. 1. Asthma of infective origin appears to be subject 
to hereditary" influence. This, of course, only proves that asthma, 
whether of the infective or skin-sensitive type, is the offspring of 
hereditary influences. But the facts that 15 per cent of all asthmas 
are combined sensitization and infective types, that skin-sensitive 
allergies are frequent in the antecedents of infective asthma and that 
the opposite condition also obtains, all lend support to the view that 
both t.^qies may be regarded as of the same nature. 

2. Eosinophilia may be regarded as an allergic phenomenon. 
Experimentally it is produced only under conditions which are 
regarded as favoring sensitization. Local eosinophilia of histo- 
genous origin is believed to be shown. Eosinophilia is as frequent 
in asthma of infective origin as in that of the sldn-sensitive type. 

3. Infective asthma may be regarded as an allergic reaction quite 
as properly as is the skin-sensitive t^qie, although the immunologic 
reactions in the two forms are not identical. 
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STUDIES IN PULMONARY GAS ABSORPTION IN BRONCHIAL 

OBSTRUCTION.* f 

I. Two New Methods for Direct and Indirect Observation. 
By Pol. N. Coryllos, M.D., 

PROFESSOR OF CLINICAL SURGERY AND RESEARCH ASSOCIATE IN SURGERY, 

AND 

George L. Birnbaum, M.D., 

RESEARCH ASSISTANT IN SURGERY, 

NEW YORK. 

(From the Department of Surgical Research, Cornell University Medical College.) 

In recent papers we have endeavored to stress the importance 
of bronchial obstruction in various types of lung pathology. Funda- 
mental researches on the relation of bronchial obstruction to pul- 
monary disease were done as far back as 1844 and 1846 by Mendels- 
sohn^ and Traube,- who obstructed the bronchi of animals vdth 
shot, paper and gum arabic and produced atelectasis. It remained, 
however, for Lichtheim,^ in 1879, to show that ligation of a bronchus 
is followed by absorption of the gases of the air and atelectasis, but 
that a combined ligature of the bronchus to a lobe and its corre- 
sponding pulmonary artery is not followed by atelectasis. This was 
the first definite demonstration that the blood circulation through 
the lung is an indispensable factor concerned with the absorption 
of gases in the alveoli. Moreover, under direct vision he observed 
the actual speeds of absorption of carbon dioxid, ON^’^gen and nitro- 
gen by the lung. The objection could be raised, and not vithout 

* This work was aided by a gift of Mrs. John L. Given in support of Surgical 
Research and a grant from the National Research Council Fund. 

t A complete bibliography will accompany the third and last paper of this series, 
“A Theory of Atelectasis.” 
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justification, tliat some of the observations of Liciitheim are non- 
pljysiologic in the sense tliat the thoracic cavity had been opened 
during the course of tlie experiments. 

We shall not attempt to discuss here the train of thought by which 
bronchial obstruction has been correlated "vvith atelectasis, post- 
operati^"e pneumonia, lobar pneumonia and other pathologic states 
of the lung. In our pre^^ous papers'’'®-®'’'-®-'’’!'' we endeavored to 
give a comprehensive history and view of the subject in general 
and of the sjjecial imjjortance of bronchial obstruction in the 
pathogenesis of pulmonary disease. 

More particularly controversy has waxed keen concerning the 
etiology of postoperative atelectasis. We believe it may conserva- 
tivelj^ be stated that at the present writing tlie only definitely 
proven direct etiologic factor in its production is complete bronchial 
obstruction. We shall show in this series that in complete bronchial 
obstruction, by the normal play of gas exchanges a complete absorp- 
tion of gases from the alveoli and atelectasis ensue. This concept 
W'ill be elaborated in the second and third papers of this series, 
entitled, respectively, “Tlie Beha^dor and Absorption Times of 
Oxj'gen, Carbon Dioxid, Nitrogen, Hydrogen, Helium, Ethylene, 
Nitrous Oxid, Ethyl Clilorid and Ether in the Lung” and “A 
Theory of Air Absorption in Atelectasis.” 

During the course of our studies we developed a technique for 
following closely under direct \’ision the gas exchanges within the 
lungs from the time of complete bronchial obstruction to the com- 
pletion of atelectasis. The methods to be described have been 
unusually valuable in giving us an insight into the finer mechanism 
of the production of atelectasis and the exchange of various gases 
through the pulmonary endothelium. In addition, they offer an 
excellent opportunity for further studies on the lung, be it from the 
standpoint , of the thoracic surgeon, the anesthetist, the internist 
or the physiologist. 

We shall describe beloAV the indirect, or “closed-chest” technique, 
and the direct, or “open-chest” technique. With both methods 
complete bronchial obstruction is obtained by a special tjpe of 
cannula through ■which gas samples may be drawn from below the 
obstructed portion of the lung. With the first method the pul- 
monary changes are followed by Roentgen ray and fluoroscopy, the 
chest being intact. the second technique the chest is wide open, 
allowing direct observation of the lungs through an “oscillating 
negative pressure box” which closely simulates the physiolopc 
condition of a closed thorax. In the second and third papers or this 
series, to follow, we shall describe the results and theoretical and 
practical conclusions arrived at ndth the aid of these methods, 

described below. , 

Technique. In prerious papers we showed that atelectasis can i 
constantly produced experimentally if a bronchus is obstructed m 
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an air-tight manner. For this purpose we elaborated a specially 
constructed one-way valve elastic balloon, which was introduced 
by the bronchoscope into a chosen bronchus of the dog. This 
balloon (Fig. 1), described elsewhere,^® can be inflated from the 
outside and then detached from its connection and left in place. 
Ten to 15 hours later roentgenographic examination of the animal, 
placed on a special stand for obtaining symmetrical pictures, shows 
the characteristic pictures of atelectasis with the displacement 
of the heart, the trachea and the diaphragm to the affected side 
and opacity of the affected lung. We believe that if we were able 
to produce atelectasis regularly it was because we used as an obstruc- 
tive agent an elastic balloon and not a solid plug of cork, wood or 



1 2 S 4 5 

Fig. 1. — The balloon used for the obstruction of a bronchus in an air-tight manner. 

1, A glass tube, 4 cm. long and a little less than 0.5 cm. across. Over its distal 
end a piece of old rubber glove, about 2 by 3 cm., has been placed with a double 
lateral twst and tied. A one-way valve in the direction of the arrow is thus formed. 

2, End or head-on \’iew of the valve, showing the lateral twists of the rubber in the 
formation of the valve. 3, A piece of rubber Kollman tubing, about 4 cm. long, into 
which the glass and valve are introduced. The rubber tubing has been tied in an 
air-tight manner around the glass tube, 1 cm. from its proximal end, "E,” and air 
has been inflated at this end which is open. The balloon is over-inflated to show 
the perfectly competent valve sliimmering tlirough the transparent balloon. 6, The 
completed balloon, which has an outer protecting cover of organic material, is 
depicted as ha\’ing been previously introduced into the desired bronchus in the deflated 
state. It is now blown and ready to lie detached and left in the bronchus. The reader 
should refer to Archives of Surgerv (1928, 16, 528) for exact details. 

metal, such as that tried by others before and after our investiga- 
tions. We are conidnced that with solid bodies it is almost impos- 
sible completely to obstruct a bronchus which jdelds and the 
diameter of which changes constantly with expiration and inspiration. 

The solution of our present problem, however, required a new 
technique. We had to devise an instrument that would enable us 
to obstruct a bronchus completely, through the bronchoscope— in 
order to avoid opening of the chest or trachea. We must also be 
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able to draw alveolar air from below the obstruction for determina- 
tion of gas percentages and intrapulmonary pressure. After a 
number of trials we constructed two tj'pes of apparatus, which gave 
us full satisfaction. 

Intrabronchial Canmdas. The first apparatus is composed of 
two thin-w'alled brass tubes of 1 and 2 mm. internal diameter, 
respectively, and 50 cm. long. The external diameter of both 
tubes soldered together does not exceed 6 to 7 mm., so that the 
instrument easily passes through Jackson's full lumen 9-inm. 
bronchoscope. 'The narrow tube terminates 15 mm. proximal to 
the larger one, which is longer and has around its free end a wire 
crown to avoid obstruction by bronchial mucosa. For the same 
reason small lateral openings are made around this end. Above 
and below the distal opening of the small tube two brass rings are 
soldered around it, each of them bearing a groove for tjdng the 
small rubber balloon. Several models n-ith more or less important 
modifications were made. In Fig. 2 i'-f shows a bronchial catheter 


<• 0201 !: 



Fig. 2. — Intrabronchial catheters of Coryllos and Bitnbaum. Model is 
composed of a large external metal tube {5 mm. in diameter) which terminates in 
a free end surrounded by a crown (f ') in order to avoid closure of this end by bronchial 
mucosa. A smaller tube passes into this tube and emerges 15 mm. from its distal 
end (f'), where it is soldered, so that there is no connection between Tubes 1 and 2, 
Around the distal end of the small tube is tied a piece of KoUman rubber tube, so 
that when air or fluid is introduced tluough 2 the rubber is distended, forming an 
obstructing balloon, as outlined. S-S' is the model described in the text, sbomns 
S~S', the larger bronchial tube, and 4-V< the smaller one, which serves for the infla- 
tion of the obstructing balloon ■which is not depicted in the diagram. 7-S is the 
latest model; it is more detailed but is not essentially different from the preceding 
ones. 


in which the small brass tube passes inside the larger tube through- 
out its length and emerges near its distal end, where it is filed down 
level mth the outside tube, to which it is carefully soldered. Models 
7 and 11 are the latest modification. A piece of fine India rubber 
tube (the tubing used for Kollman’s urethral dilator is excellent) 
is put over the distal end of the cannula and securely tied 
the groove vdth fine silk thread. This rubber tube is inflated 
through the small metal tube after the instrument is introduced 
into the chosen bronchus and forms an obstructing balloon, ihe 
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accurate inflation of the balloon is one of the most important points 
of the technique. It must be sufficient to obstruct the bronehus 
completel}’^ but not so exeessive as to interfere with the circulation 
or innervation of the bronchus or with the ventilation of the other 
bronchi by displacement of the interbronchial spur or carina. 
These requirements are imperative, since, as a rule, these experi- 
ments last for many hours. It is neeessary to know at all times 
whether the degree of inflation and obstruction remains unchanged. 
For this reason we devised a closed mercury manometer system 



Fig. 3. — Lay-out of closed chest experiment. The animal is placed on our special 
Roentgen ray stand {12) and the bronchus blocked by means of the intrabronchial 
catheter (<5) connected to the mercury manometer {6) (enclosure 14 )t which allows 
checking up its degree of inflation. In each pleural cavity a cannula is placed 
connected to rubber tubes 7 and 8. These tubes are connected (left enclosure) 
by T tubes to water manometers {1 and 2) and through another tube to a recording 
mercury manometer, so that it is possible to record on the smoked drum the tracing 
of the left or right pleural cavity pressure. The large bronchial tube of the bronchial 
catheter is connected by a T tube to a water manometer (S) and to a mercury man- 
ometer recording on the same smoked drum {11). A T tube was interposed in the 
latter rubber tube { 4 , loft enclosure), allowing the taldng of air specimens of intra- 
pulmonary air for gas analysis. IS is the adjustable fluoroscope or Roentgen ray 
unit. 

(Fig. 3, 14 ), the free end of wliicli was connected b}' way of a T 
tube to a syringe of 30 cc. capacity. The horizontal tube was 
connected through a rubber tube to the small tube of the bronchial 
catheter. By pushing down the plunger of the syringe, already filled 
with water, we could inflate the balloon to a size a little greater than 
the estimated diameter of the bronchus on which bronchoscopy had 
p^e^^ously been done, and a marker was placed at the height of the 
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mercury meniscus in the closed end of the manometer. The 
bronchial catheter would then be disconnected . After it was intro- 
duced through the bronchoscope into the chosen bronchus it would 
aga,in be connected with the manometer and the plunger of the 
syringe pushed in to distend the balloon and bring the mercury 
meniscus slightly above the previously placed marker. As long as 
the mercury stood at this level we were certain that the balloon 
was inflated. 

Two types of experiments were carried out. 

I. Closed-chest Method. In the first group, which will be 
designated by “closed-chest method” (Fig. 3), the animal, under 
iso-amyl-ethyl barbituric anesthesia, was placed on the Roentgen ray 
stand {12) so that the evolution of the experiment could be watched 
by fluoroscopy and Roentgen ray pictures. The intrapleural pres- 
sures during the experiment were taken bj^ two water manometers 
(1, 2) connected with two cannulas introduced into the pleural 
carities of the animal. Through the bronchoscope the pulmonary 
cannula was introduced and the balloon inflated, as already de- 
scribed. The larger tube of the bronchial catheter, which com- 
municated with entrapped pulmonary air, was connected to a 
water manometer (3), to a recording mercury manometer and at 
times tlirough a T tube (4) to the sampling bulb for analysis of 
specimens of alveolar air by a modified Henderson-Bailey gas 
analyzer. In this rvaj^ it has been possible to follow simultaneously 
the intrapleural pressures and to record them on a smoked drum 
(11), to read and record the intrapulmonar^’- pressure in the ob- 
structed lung, to follow the changes in percentage of the entrapped 
alveolar air and to check up by fluoroscopy and roentgenographic 
examination the progress of atelectasis. At the same time the closed 
mercury manometer connected ndth the small tube of the intra- 
bronchial catheter enabled us to know exactly the degree of inflation 
of the obstructing balloon. 

II. Open-chest Method. The animal was anesthetized with 
sodium iso-amyl-ethyl barbiturate, 55 mg. per kilogram intraperi- 
toneally. The neck was then shaved, the anterior wall of the chest 
prepared and intratracheal insufflation through the bronchoscope 
started. The thorax wms then opened by hemisection of the ster- 
num and a Balfour retractor was applied to maintain both thoracic 
cavities wide open. In the meantime (Pig. 4) a rotating valve (^) 
was connected with the suction faucet (10) and the number of ite 
revolutions per minute regulated to the respiratory rate of the- 
animal as it was before opening of the chest. The intrapleural 
pressure was taken before operation and the oscillations of negative 
pressure in the box (indicated in the water manometer, 9) 
regulated so as to be equal to the intrapleural pressure of the 
animal before opening of the chest. The animal was then trans- 
ported to the box and its head passed rapidly through the circular 
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opening of it. During this short time intratracheal insuflflation 
was discontinued without any evil effect. The cover was tightly 
applied and the rubber collar fixed around the neck of the animal, 
smeared with petrolatum and secured by a gauze bandage or by a 
pneumatic collar, a later modification. Care was taken not to 
exert any unnecessary constriction around the neck. From now 
on the intratracheal insufflation can stop and the animal will 



Fig. 4. — Lay-out of the open chest experiment in the oscillating vacuum box. After 
the chest is opened the animal is placed in the air-tight box (I) , the cover of which 
(2) is made of plate glass. The head of the animal protrudes through the opening 
in the box (upper right corner enclosure 6, and also Fig. 6), around which is fixed 
an inflatable rubber collar which fits snugly around the shaved and petrolatum- 
anointed neck of the animal. The rotating valve (5), interspersed between the 
suction apparatus (1 0) and the box inlet (S ) , insures an oscillating vacuum in the box. 
This pressure is measured by the water manometer (ff) and is equal to the negative 
intrapleural pressure of the animal taken previous to the operation. Inlet S serves 
to regulate the pressure in the box. A rubber tube passes through one wall of the 
box and may be connected to a reservoir with physiologic solution of sodium chlorid; 
by this means fluids can be administered under the skin or into the peritoneum of 
the animal during the experiment. Through the bronchoscope (II) the bronchial 
cannula is introduced into the left stem bronchus, and the balloon which is to occlude 
the bronchus is then inflated by means of the syringe-mercury manometer arrange- 
ment described in Fig. 3. The large tuljc of the cannula, in communication with the 
entrapped intrapulmonary air, is closed off unless samples of air are to be withdrawn 
through it for gas analysis. 

breatlie with its cliest wide open at the same rate and with the 
lungs under the same negative pressure as in the closed-chest. 
Moisture and temperature inside of the box were kept as near 
normal as possible. Fig. 5 is a photograph of the layout of the whole 
expenment. It has been repeatedly possible to keep the animal in 
fine condition in the box for from 8 to 15 hours. A small tube was 
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provided for, through which saline solution, cardiotonics, or addi- 
tional anesthetics could be given subcutaneously, if necessary, vnth- 
out disturbing the experiment. The pulmonary cannula was then 
introduced as for the “closed-chest” method. 

^ We wish to point out that this box is based on a different prin- 
ciple from the differential pressure chamber of Sauerbruch. In 
the^ latter, only one^ pleural ca\nty being open, the steady and non- 
oscillating differential pressure Giypo or hyper) serves to keep the 
lung of the opened half-chest distended while the other lung breathes 
normally. In our box (Fig. 5), on the contrary, both pleural 
ca\aties being widely opened, no respiration can take place unless 



Tig. 5. — Box for oscillating vacuum. 1, 2 and 3 are outlets corresponding to S, 4 
and 5 of Fig. 4. V, rotating valve; TT, speed-reducing wheel; L, 40-watt lamp 
resistance and C the cylindric collar, for the neck of the animal, wliich has lately 
been replaced by the inflatable rubber collar shown in Fig. 6. 

there is an oscillation in the negative pressure box. It is in an air- 
tight wooden structure, measuring 33 inches (83.17 cm.) in length, 
14 inches (35.48 cm.) in tvidth and 12 inches (30.48 cm.) in height; 
it is covered by a glass top which runs in a groove in the frame 
and thus permits the box to be closed hermetically. The groove 
is filled with mercury or, more conveniently, with petrolatum, so 
that a perfect seal is obtained. The box has three outlets; two of 
them are 1.3 cm. in diameter and the third, 0.3 cm. The first 
outlet is connected with the rotating valve (V) Avhicli produces 
an oscillating vacuum. The valve is rotated slowly by a two- 
pulley speed-reducing mechanism, consisting of a wheel (JJ') and 
a motor (31) with a rheostat installed. An extra 40-watt lamp 
resistance (L) in the system further reduces the speed of rotation. 
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The valve can be regulated to perform the necessary number of 
revolutions a minute to make the vacuum interruptions equal to 
the respirator}'’ rate before the chest was opened. The rotating 
valve is connected at one end with an ordinary suction apparatus 
or the laboratory suction faucet. The other end of the rotating 
valve connects directly with the box (outlet 1). The second tube 
(2) is connected with a water manometer. The third tube (3), 
covered with a piece of rubber tubing and stopcock, connects the 
box with the outside air, regulating the degree of vacuum in it and 
allows the introduction of a thermometer. At the opposite panel 
of the box is a circular opening bearing a cylindrical collar (C) of 



Fig. 6. — The inflatable rubber collar of the vacuum box, which fits in an air- 
tight manner around the previously shaved and petrolatum-anointed neck of the 
animal. 


soft rubber tissue which can be adjusted around the shaved neck 
of the dog and fixed with a bandage so as to be air-tight. (j\Iore 
recently we have replaced this collar by a rubber collar which can 
be inflated ■\wth air.) (Fig. 6.) 

By the methods described we have studied the absorption rates 
of dift'erent gases by the lung. These are described in a paper to 
follow. Using this technique it soon occurred to us that after the 
bronchial catheter was in place and a lobe of lung occluded, atelec- 
tasis could be expedited by mechanically withdrawing all the air 
or gas from it with a sjTUige and then washing out the lobe by 
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successively (6 or / times) introducing and witljclraiving several 
hundred cubic centimeters of fresh oxygen each time, the lobe finally 
being left collapsed. Non' the bronchial cannula is clamped off and 
the remnant.s of gases left to absorb until atelectasis occurs— a 
question of only minutes. "Washing out” with carbon dioxid gives 
an even more rapid atelectasis. The lobe is now ready for the in- 
troduction of the de.sired volume of gas or gases. 

Summary. Two new methods are described which allow a 
physiologic study of the gas exchanges in a lobe or a whole lung 
after its bronchus has been completely obstructed. 
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different from those attendant upon simple physical diffusion of a 
gas through a porous cup. There is physical and physiologic evi- 
dence that they are dependent not only upon the speed of diffusion 
of a particular gas through space and its partial pressures or con- 
centration on opposite sides of the wet semipermeable membrane 
but also upon its solubility and futhermore, in the lung, upon the 
integrity of the endothelium and of the intrapulmonary circulation. 
The alveolar air is separated from the venous blood by the endothe- 
lium of the air sacs and of the capillarj' vessels which cover their 
external surface and by a negligible amount of smooth and of 
extremely thin elastic fibers in the walls of the alveolus. Through 
this respiratory membrane the exchange of gases takes place. 

Solubility of Gases in Fluids. When we regard the lung endothe- 
lium as a moist membrane we must consider gas exchanges as 
related to their solubility in it. This does not mean that the 
endothelium may be regarded as merely a layer of fluid, but the solu- 
bility coefficient of different gases in water gi^^es some comparative 
basis upon which to formulate absorption times. Moreover, solu- 
bility of a gas is dependent upon the nature of the gas, those which 
are more basic or acid being more soluble than the neutral ones.* 
For example, carbon dioxid is much more soluble than hydrogen. 
The volumes of hydrogen, oxj'^gen, carbon dioxid and nitrogen 
soluble in 1 cc, of water at body temperature are : Hydrogen, 0.016 ; 
oxygen, 0.024; carbon dioxid, 0.592; nitrogen, 0.016. In a mixture 
of gases the amount of each individual gas dissolved in a fluid is 
proportional to its partial pressure (Dalton’s law). ^Vlien a defi- 
nite volume of liquid is saturated with a gas at constant temperature 
and pressure, an equilibrium is established between the gas in solu- 
tion and that over the solution. 

Diffusion of Gases Within the Alveoli and Through the Pulmonary 
Endothelium. With a mixture of gases in the alveoli the molecules 
of a particular gas diffuse through the alveolar space in all directions 
toward the alveolar endothelium at a rate inversely proportional 
to the square root of the density of the gas. The velocity 
of gas molecules is very great. For example, when hydrogen 
and oxygen are in a mixture the hydrogen molecule travels 1840 
meters per second and the oxygen molecule travels 460 meters 
per second, for the oxygen molecule is 16 times as heavy as 


hydrogen ( -■ 1 — rTF = ?)• Alveolar air contains approxi- 

^ ^square root of 16 ^ ^ 

mately 15 per cent oxj^gen and 80 per cent nitrogen under atmospheric 

pressure; thus 100 cc. of alveolar air would contain 15 cc. of ox>*gen 

and 80 cc. of nitrogen the mixture being under a pressure of one 

atmosphere. Since equal volumes of gases under the same pressures 

contain equal numbers of molecules, there are 80/15 as many nitrogen 


* For tho physicochemical aspect of the question see Getman’s Oullir^cs of Theo- 
retical Chemistry, 4th ed., New York, John Wilej* & Sons, 192S. 
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ABolecules as oxygen molecules in the alveolar air. It is evident, 
therefore, that if nitrogen and ox>'gen were of equal density, diffusi- 
bility and solubility in the alveolar endothelium and peri-alveolar 
. blood, the number of molecules of nitrogen absorbed would be 80/15 
as great as for oxygen. Actually we know this is not so, even though 
the density of nitrogen is almost equal to that of oxj^gen, oxygen 
diffusing into the blood much more rapidly tlian nitrogen which is 
only soluble to the extent of about 1 per cent in the blood. This is due 
to the fact that the velocity of diffusion through a moist membrane 
is not only inversely proportional to tlie square root of its density, 
as we have previously said, but also that it is proportional to the 
coefficient of solubility of the gas in the fluid concerned. That. is 
why the speed of diffusion of carbon dioxid through a wet membrane 
is 30 times greater than for oxygen, although its density is greater. 
This can be easily shown by tying shut a frog’s lung filled with 
oxygen or atmospheric air and placing it in an atmosphere of carbon 
dioxid (Loewy and Luntz). Very rapidb’’ the lung is distended, 
owing to the diffusion of carbon dioxid into it, for the coefficient of 
solubility of carbon dioxid is 30 times greater than that of oxj'^gen. 

0.xygen and carbon dioxid are not merely dissolved in the plasma 
of the blood. The bulk of oxygen and carbon dio.xid is in chemical 
combination in the blood. The first combines with hemoglobin, 
the second with alkali. 

The Dissociation Curve of Hemoglobin in Eelafion to Respiiafion. 
The oxygen-hemoglobin compound has the property of disso- 
ciating with a fall in the partial pressure of 05e>''gen; this dissocia- 
tion is complete wdien the oxj'gen pressure is reduced to zero. In 
this w'ay oxyhemoglobin represents an oxj-gen reserve in the red cells 
wffiich maintains constant the amount of oxj'gen dissolved in the 
plasma, the latter representing the vapor tension of oxygen above > 
tlie unstable oxygen hemoglobin compound. 

Besides the partial pressure of oxygen in the alveolar air or tissues, 
another important factor in the dissociation of oxjffiemogiobin is 
carbon dioxid. Increase in carbon dioxid hastens the dissociation 
of oxygen; it “shifts the dissociation curve of oxjdiemoglobin to 
the right” and thus facilitates the unloading of oxygen into the 
tissues as the carbon dioxid in the blood increases. Although this 
is strictly correct, it is, according to Haldane, * of mvich less impor- 
tance than the shifting of the carbon dioxid absorption curve m 
consequence of the reduction of hemoglobin. 

In fact, decrease of oxygen in the blood and hemoglobin uns^ura- 
tion increase the capacity of the blood for carbon dioxid, probably 
because reduced hemoglobin is a more alkaline substance than 
oxygen-saturated hemoglobin. The latter acting as a weak acid 
keeps carbon dioxid out of combination with alkali. Whatever 
the cause of this action may be, it is certain that ^ 

hemoglobin decreases the capacity of blood for carbon dioxid, to 
result being that with high oxj^genation the partial pressure ot ca - 
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bon dioxid in the blood rises although its percentage remains the 
same. For this reason more carbon dioxid is given off by the blood 
when its oxygen saturation is high (Werigo,® Bohr, Hasselbach and 
ICrogh‘‘). Now it follows that if one lung is ventilated with a neu- 
tral gas as hydrogen, and the other with air, the latter will give off 
nearly 50 per cent more carbon dioxid than the former. (Haldane.) 

Decrease in carbon dioxid has another important, result, discov- 
ered by Bohr® (1904) and called the “Bohr effect.” Such a decrease 
shifts the dissociation curve of hemoglobin to the left so that 
whereas in the venous blood (carbon dioxid, 45 mm. of mercury; 
oxj'^gen, 40 mm. of mercury) the hemoglobin is 68 per cent saturated, 
if carbon dioxid falls to 10 mm. of mercury the hemoglobin (with- 
out any increase in the oxygen pressure) becomes 85 per cent satu- 
rated. Furthermore, the oxygen is more firmly held in combination 
with hemoglobin so that notwithstanding this apparent increase in 
oxygen pressure and absence of cyanosis, the oxygen available to 
the tissues is greatly diminished. 

Oxygen and carbon dioxid in the alveoli are kept quite constant 
at about 15 and 5 per cent, in spite of a constant interplay of gases 
through the alveolar endothelium. The inspiratory draft of air 
carries oxygen down only to a certain level in the bronchial tree; 
from this level oxygen, at a higher partial pressure, diffuses down 
through the larger and smaller bronchi and finally into the alveolar 
sacs where oxygen is at a lower partial pressure due to its continu- 
ous absorption from the alveoli into the blood. Similarly, on expi- 
ration, carbon dioxid is carried out of the alveoli only into the medium 
size bronchi, and from there it diffuses toward the larger bronchi and 
trachea. The mechanical carriage of oxj'^gen and carbon dioxid in 
and out of the lung in the respiratory air drafts is thus a limited 
process, which depends upon the diffusibility of these gases to carry 
oxj^gen into the alveoli and tissues, and carbon 'dioxid out of the 
tissues and alveoli into the external air. This is, briefly, part of the 
intricate mechanism which, as previously stated, regulates the per- 
centages of alveolar oxygen and carbon dioxid with such nicety. 

With a lobe, containing air or other of the gases studied, cut 
off from the outside air by complete bronchial occlusion, the same 
factors we have considered in preAdous paragraphs come into plaj'^ to 
bring about a complete absorption of alveolar gases (and atelectasis). 
The exact mechanism we leave to a succeeding paper.® In this paper 
we shall give some t}q)ical protocols, comment on the phenomena 
of gas exchanges when one or more gases are introduced into an 
occluded lobe, and summarize, as far as the present studies alloAV, 
the actual absorption times of a stated amount of gas by one lobe of 
the lung. For the exact technique the reader should refer to a 
previous paper." 

Changes in Entrapped Alveolar Air as Indicated by Successive Gas 
Analyses. The results obtained in closed as well as open chest 
experiments show that Arithin 2 to 7 minutes after bronchial obstruc- 

voi,. IS,^, NO. 3. — M.i^ncn, 1932 12 
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tion the_ oxygen percentage falls rapidly from 15 to 5 or 6 per cent. 
It remains at_ about these figures until complete disappearance of 
the alveolar mr. (Table 1.) 


TaDI.E 1. CiJANQKa JN OXYOBK AffO CaRBON 

Dioxin Pbrcentaqes Apteh 

Time after 

Dor. obstruction. 

OnsTnucTioN,* 

OxyRcn. 

Carbon 

dioxid. 

Comment 

466 . . Before bronchini 

14.20 

4.80 

obstruction 

5 min. 


4.09 


35 min. 

2.00 

4.12 

Animal dyspneic 

2 hrs, 50 min. 

4.00 

5.30 

and cyanotic. 

, 2 hrs. 20 min. 

5.70 

6.07 

Animal breathes 

475 . . 10 min. 

3.90 

6.40 

quietly. 

26 min. 

3.90 

4.70 


50 min. 

16.70 

3.09 

Obstructing bal- 

482 . , 10 min. 

6.10 

6.20 

loon broke. 

25 min. 

6.04 

C.2C 


40 min. 

6.57 

6.49 


55 min. 

5.41 

6.71 


5 hrs. 15 min. 

0.81 

0.45 


C hrs. 15 min. 

5.35 

6.97 


10 hrs. 16 min. 

5.81 

5.53 



* Onlj^ figures in which possibility of error in gas analysis was excluded are given 
in this table. 


In animals in which gas analyses were performed until complete 
atelectasis occurred/the curves plotted for percentages of oj^'gen 
and carbon dioxid show that the percentages vary inversely. 
(Pig. 1.) It is thus seen that the entrapped alveolar air rapidly 
undergoes marked quantitative changes, the percentage of oxyg&n 
dropping and carbon dioxid rising so that their respective partial 
pressures tend to come into equilibrium with the corresponding 
gases of the venous blood. These changes occur in exactlj'' the same 
way in animals as in man, as shown by Loewy and von Schroetter® 
(1905). 

The succession of events as observed in the open-chest experiment, 
with the lung normally breathing in air, is as follows : Immediately 
after successful obstruction “the lung stops breathing,” whereas 
the normal lung increases in size. There is a slight inspiratory 
excursion in the occluded lung owing to the decrease of pressure 
(increased negative pressure) in the box during inspiration, but it 
is insignificant as compared to the wide respiratory movements of 
the other lung. Little by little the size of the occluded lung decreases 
as a whole, without a conspicuous change in its general shape, ap- 
pearance or color. Gradually it sinks toward the costovertebral 
sinus, whereas the other lung increases in size so that the heart is 
manifestly displaced toward the obstructed lung. Except for a 
slight cyanotic hue,, the obstructed lung does not show any other 
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change until its volume is markedly decreased (to about one-fifth 
or one-seventh its original size). Then there appear dark bluish- 
brown patches scattered all over its surface without any predilec- 
tion for the hilus or peripheral portion of the lung, as van Allen 
and Adams® reported. After the great mass of gas is absorbed 
atelectasis advances rapidly, and within approximately 1 hour is 
complete. Figs. 2 and 3 show histologic sections of atelectasis 
produced in open- and closed-chest experiments. Often small 
islands of slightly aerated light-colored parenchyma remain on the 
dark bluish-black atelectatic lung, the complete disappearance of 
which may take half an hour or more. This general picture was 



Fig. 1. — Graphic representation of percentages of oxygen and carbon dioxid 
obtained by alveolar gas analysis before obstruction and for a period of over 10 hours 
after obstruction. Dog. 482, March 30, 1930. 


observed, as well, with gases other than air; only the time factor 
varied. 

The actual volumes of gases introduced for the studj^ of their 
absorption varied from 100 to 500 cc. of gas, depending for the most 
part upon the size of the animal. In the case of ether the pure 
vapor was obtained by slowly passing liquid ether through a metal 
coil immersed in water at 90° C., the coil in turn being directly 
connected to the lobe of lung under study through the pulmonary 
cannula. Ethyl chlorid was introduced directly in a spray from a 
standard commercial container through a long tube so that it 
reached the lung as a A’^apor. For tlie latter two vapors the volume 
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introduced was judged hy the state of inflation of the lobe as com- 
j)ared to the inflation produced by measured volumes of gases pre- 
viously introduced. The other gases were measured, as injected, 
with P. A. Stoss-Nachfolger pneumothorax apparatus. The 
absorption times of a gas refer to the approximate period for absorp- 
tion of gas in a lobe inflated to its full inspiratory state (for a given 
animal, to the same degree for each gas). It should be noted 
.that the volumes of gas and their “absorption times” are given 
and not the “absorption rate.” The actual "absorption rates” 
would have to be given in terms of cubic centimeters of gas per 
minute jDcr square centimeter of absorbing surface of the lung at 
the particular time; this would be very difficult because the circu- 
lation and the area of the absorbing surface of a lobe are variable 
factors depending upon the particular state of inflation of the lupg 
at any one moment. There are two opposing factors which nor- 
mally regulate absorption. As the lung shrinks down the alveolar 
capillary circulation becomes progressively poorer as we have shown 
elsew’here,'® but the relative absorbing surface becomes greater per 
unit volume of contained gas, since the volume of an alveolus 
decreases relatively much more than its surface. (Fig. 4.) 


S=45r-r*=I2T^ 



V = 4 
S _ J. 

V ~ < 




Fig 4.— Showing the mathematic acceleration in absorption rate of gases in the 
alveoli of the lung. These^ relations probably hold true up to a point where tne 
capillary circulation is definitely impaired. 


Absorption of Oxygen and Carbon Dioxid. Closed-chest experiment. 

Dos 489. The experiment lasted Of hours. , 

May 5, 1930. 11.45 p.m.; The rubber balloon on the cannula w s 

introduceci into the right lower bronchus. 

1152r.M.; The balloon was blown up with 3 cc. of water. , 

n 54 p M • A sample of gas was obtained from the obstructed lu gi 
isioifit JmtoL? 5.85 per Sent cprlxrn diexid wd 9.05 per cent owgen. 


t 






Fig, 2. — Photomicrograph shomng atelectasis produced in the open-chest experiment. 



Fig. 3. — Photomicrograph showing atelectasis produced in the closed-chest experi- 
ment. 

















Fig. oB 


Fig 5. — Dog 511. A ■nas taken after the introduction of 290 cc. CO: into the 
left loTver lobe ivhich appears distended. B ivas taken 10 minutes after the intro- 
duction of CO: into the left loiver lobe. The gas has been completelj' absorbed. 



Fig. 6. — Interstitial hemorrhage and edema in the left lower lobe after intro- 
duction of 100 per cent ether vapor into the lung previously rendered atelectatic 
(open chest experiment). 









Fig. 7iJ 

Fig. 7. — A, roentgenogram of a rabbit's chest after introduction of 75 ce. oxygen 
into the right pleural ca-sdty. B, after complete absorption of gas from the pleura 
canity: the heart has returned to its normal xwsition. 
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12.03 A.M. : . A sample of gas contained 5.98 per cent carbon dioxid and 
6.66 per cent oxygen. 

12.17 A.U.: A sample of gas contained 5.9 per cent carbon dioxid and 
6.43 per cent oxygen. 

12.28 A.M.: A sample of gas contained 6.1 per cent carbon dioxid and 
7.36 per cent oxygen. 

12.41 A.M.: A sample of gas contained 6.07 per cent carbon dioxid and 

6.15 per cent oxygen. 

12.52 A.M.; A sample of gas contained 6.05 per cent carbon dioxid and 
6.02 per cent oxygen. 

1.21 A.M.: Onlj'’ 2 cc. of gas could be obtained. 

1.35 A.M.; A roentgenogram showed a definite shift of the heart to the 
right. 

1.53 A.M.; 100 cc. of oxygen was introduced into the obstructed lung. 
Roentgenograms taken 1 and 2 minutes later showed the heart shifted to 
the leR. 

1.58 a.m.: a sample of gas from the obstructed lung contained 6.94 
per cent carbon dioxid and 51.2 per cent oxygen. 

2.10 A.M. : A roentgenogram showed the heart again back to the right 
side. , 

2.15 A.M.: Only 4 cc. of gas could be obtained; this amount was in- 
sufiicient for analysis. 

2.22 a.m.: Fluoroscopy showed the heart a httle more to the right 
than before the administration of oxygen. The respiration was very 
quiet. 

3.50 a.m.: Fluoroscopy showed increased density of the right lower 
lobe. 

5.26 A.M.: 100 cc. of carbon dioxid was introduced into the obstructed 
lung. 

5.26-2- A.M.: The heart was shifted to the left; the right lower lobe was 
clear. 

5.30 A.M.: Only 4.8 cc. of gas could be obtained. It contained 54.16 
per cent carbon dioxid. 

5.32 A.M.: A roentgenogram showed the heart back again on the right; 
the breathing was very quiet. 

6.25 a.m.: Fluoroscopj’" showed no further change; the right side of 
the diaphram was immobile, and the heart moved toward the right on inspira- 
tion. There was no ventilation in the obstructed lung. 

9.15 a.m.: a roentgenogram showed no change. The animal was 
sacrificed with 30 cc. saturated solution of magnesium sulphate injected 
intravenously. 

9.20 A.M.: Autopsy revealed atelectasis of the right lower and acces- 
sory lobes (confirmed by microscopic sections). (See Figs. 5A and 5B, 
Dog 511.) 

Open-chesty experiment. Dog. 498, 10 kg. The experiment lasted 14 
hours; negative pressure was —4, —7.5 of water; oscillation rate, 14 per 
minute; temperature in the box, 40° C. 

Maj'^ 15, 1930. 11.35 a.m.: The left lung was obstructed. 

^ 1.07 P.M.: A sample of gas contained 6.09 per cent carbon dioxid and 
4.74 per cent ox 3 ’^gen. 

8.30 P.M.: Atelectasis was complete in 9 hours.* 

10.40 P.M.: 100 cc. of oxj'-gen was introduced to distend the left lower 
lobe. 

10.50 P.M.: A sample of gas contained 8.59 per cent carbon dioxid; the 
oxygen percentage was be 3 ’’ond the limit of the apparatus. 

* In these experiments we were able to know ■with certainty when atelectasis was 
complete by the characteristic dark bluish color of the lung; this was repeatedly veri- 
fied by histologic sections. 
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11.00 P.M.; 
absorbed. 

11.10 r.M.: 
lobe. 

11.20 P.M.: 
sorbed. 

11.25 P.M.: 
lobe. 


The left lower lobe was again atelectatic; all the gas was 
100 cc. of oxygen was introduced to distend the left lower 
The left lower lobe was again atelectatic; all gas Avas ab- 
100 cc. of oxygen was introduced to distend the left lower 


11.31 P.M.: The left lower lobe atos much smaller; 100 cc. more of. 
o.xygen AA'as introduced. 

11.35 p.m.: a sample of gas contained 10.63 per cent carbon dioxid; 
the oxygen percentage Avas beyond the limit of the apparatus. 

12.13 A.M.; 100 cc. of carbon dioxid Avas introduced to distend the left 
lower lobe. 

12.14.V A.M.: All the carbon dioxid AA'as absorbed; the lobe was again 
atelectatic. 

12.16 A.M.: 100 cc. of oxygen AA'as introduced to distend the left lower 
lobe again. 

12.27 a.m.; The oxygen AA'as completely absorbed; the lower left lobe 
AA'as again atelectatic. 

12.37 A.M.; 50 cc. of ox-j'gen and 50 cc. of carbon dioxid was introduced 
to distend the loAA'cr left lobe. 

12.41 A.M.: All the gas was absorbed; the lobe AA'as again atelectatic. 

1.02 A.Ai.: 150 cc. of 100 per cent ether A'apor was introduced to dis- 
tend the loAA'er lobe. 

1.03 A.M.: All the ether aa^s absorbed; the lobe AA'as atelectatic again. 

1.09 A.M.: 100 cc. of nitrogen Avas introduced into the left lower lobe. 

1.25 A.M.: Tlie lieart stopped beating; the lung was unchanged. 

Summary, The absorption time for oxygen in this experiment aA’-eraged 
15 minutes; for carbon dioxid, 1.5 minutes; for 100 per cent ether A'apor, 

1 minute. 


Table 2. — Absorption* Times of Oxatgen* and Carbon Dioxid Indwidtjallv 
Introduced in a Lung Prea-iouslt Rendered Atelectatic. 



O.Aygcn. 

1 

1 Carbon dioxid. 

1 

, Dog. 

Cc. 

Absorption 
time, min. 

Cc. 

1 Absorpt'on 
time, n:in. 

Comment. 

511 . . 

150 

15 

290 

5 

Closed chest experiment; roent- 


275 

15 

275 

5 

gcnographic control; other gases 


2S0 

12 

250 

7 

besides oxygen and carbon dioxid 
■were successively introduced. 

507 . . 



100 

2l 

Open-chest experiment. 

504 . . 



100 

2 

Open-chest experiment. 

498 . . 

100 

10 and 11 

100 

It 

Open-chest experiment. 

499 . . 

275 

13 

300 

3 

Open-chest experiment. 


The figures in Table 2 sIioaa' that the absorption times of oxA'gen 
and carbon dioxid show a constancy AAdiich is in agreement AA-ith the 
physical laAA's of diffusion and solubility. These times, hoAA'CA'er, 
seem to A'ary according to the anatomic conditions of the ah'eolar 
endothelium. This supposition is made on the bases of findings m 
Dog 504, in the atelectatic lungs of Avhich Avere successively intro- 
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ducecl in the following order: nitrous oxid, carbon dioxid, ethyl 
chlorid, ethylene, carbon dioxid, ethyl chlorid, carbon dioxid, 
ethylene, oxygen and ether vapor. Because of the lesions of pul- 
monary endothelium by the gases introduced in it, carbon dioxid 
at the first introduction was absorbed in 2 minutes; at the second 
introduction, in 21 minutes, and at the third introduction, in 1 hour 
and 22 minutes. 

' Nitrogen when introduced alone under atmospheric pressure into 
the atelectatic lung was absorbed within 16 hours in Dog. 517. 
When pure nitrogen or other neutral gases, as hydrogen or helium, 
are introduced into an atelectatic lung, gas analysis of the alveolar 
content shortly thereafter shows that oxygen and carbon dioxid are 
present in the same percentage as in the alveolar blood, that is, 
about 5 or 6 per cent each. At the same time under fluoroscopic 
examination we found that after introduction of nitrogen there is 
at first a slight expansion of the lung which could be explained as 
due to the more rapid diffusion of oxygen and carbon dioxid from 
the venous blood into the alveoli than of nitrogen into the blood. 
From these facts it can be deduced, that when after the introduction 
of pure nitrogen the ox;\'gen and carbon dioxid have reached these 
figures the absorption of the alveolar gases from this point on should 
proceed at the same rate as if air were now present. 

Kesults Following Introduction of Neutral Gases Separately into 
the Atelectatic Lung. Nitrogen, hydrogen and helium were the gases 
used in these experiments. 

Dog 517. Closed-chest experiment. This animal weighed 1 1 kg. Sodium 
iso-amjd-ethjd barbituric anesthesia was used and the left lower lobe 
bronchus obstructed. 

5.30 P.M.; The left lower lobe was atelectatic. 

5.45 P.M.: 100 cc. of nitrogen was introduced. 

9.35 P.M.: A specimen of gas contained 5.51 per cent oxygen and 
7.34 per cent carbon dioxid. 

9.40 A.ji. (next da}'’) : The lung was again atelectatic, showdng that 
the nitrogen was completely absorbed in 16 lionrs. 

Dog 515. Closed-chest experiment. This dog weighed 12.5 kg. Sodium 
iso-amyl-ethyl barbituric anesthesia was used. The left bronchus was 
obstructed. 

12.10 P.M.: The left lung was rendered atelectatic. 

12.40 P.M.: 105 cc. of hydrogen was introduced. 

4.30 P.M.: A specimen of alveolar air contained 6.16 per cent oxygen 
and 5.03 per cent carbon dio.xid. 

9.57 P.M.: A specimen of alveolar air contained 5.50 per cent oxygen 
and 6.38 per cent carbon dioxid. 

6.00 A.M. (next day) : Lung again atelectatic, showing that the absorp- 
tion time for hydrogen was IS hours. 

Dog 510. Closed-chest experiment. This dog weighed 22 kg. Sodium 
iso-ainyl-ethyl barbituric anesthesia was given. The left stem bronchus 
was obstructed. 

5.30 A.xi.: Atelectasis was complete. 17.5 cc. of pure helium was intro- 
duced into the left lung. 
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9.30 A.M.; Gas analysis showed 5.83 per cent oxygen and 9.34 per 
cent carbon dioxid. 

1.00 P.M.: Gas analysis showed 5.34 per cent oxygen and 6.22 per cent 
carbon dioxid. 

2.10 p.m.: Gas analysis showed 5.25 per cent o.xygen and 6.64 per cent 
carbon dioxid. 

4.30 p.M. (next day) ; Lung almost but not completely atelectatic in 26 
hours. 

TABiiP. 3. — Exchange of Aeveoiab Gases as Shown by Caubon Dioxro and 
Oxygen Determinations After Introdhction of Various Gases 
Into an OnsTRtscrBn IiOBE of the Lung. 


' Gas. 

Dog. 

1030. 

May. 

DcBcription. 

Time, 



Helium 

i 

507 

i 

1 

22 

Open-ebest experiment; left lower 
lobe washed out 9 times with oxy- 
gen and allowed to become atelec- 
tatic; 150 cc. of helium was intro- 
duced into it at 

2.00 p.M. 
2.10 p.m. 

4.54 

2.66* 





5.45 p.M. 

5.03 

2.83* 

Helium 

510 

23 

Closed-chest experiment; left lower 




oxygen 

i 


lobe was obstructed and allowed 
to become completely atelectatic; 
200 cc. ot a mixture of equal vol- 
umes of helium and oxygen was 
then introduced into it at 

5.50 P.M. 
8.00 p.M. 

5.86 

8.29 




Helium 



This lobe was now washed out 3 







times with pure helium and 175 cc. 
of helium was introduced into it at 

8.30 P.M. 

9.30 P.M. 

! 

9.34 

5.83 


1 

1 

The next day at 

1.00 a.m. 

6.22 

5. .34 




2.10 a.m. 

6.64 

5.25 

Hydrogen 

515 

27 

Closed-chest exjieriment; left lower 




i 


lobe was washed out 7 times with 
oxygen and allowed to become 
atelectatic; then. 105 cc. of hydro- 
gen was introduced into it at 

12.40 P.M. 
4.30 P.M. 

5.03 

1 

1 

6.16 








9 . 57 P.M. 

6. 38 

5.50 

Nitrogen 

517 

27 

Closed-chest experiment; left lower 






lobe was obstructed and washed 
out 3 times with nitrogen by aspi- 
ration and distending it with pure 
nitrogen after each aspiration; 
then 100 cc. of nitrogen was intro- 
duced into it at ..... 

5.45 P.M. 
9.35 P.M. 

7.34 

6.51 




* These are unusually low figures for alveolar oxygen, probably due to poor 


Table 3 is a resume of these experiments. 

The foregoing experiments show that a short while after th 
introduction of neutral gases into the atelectatic lung oxjgen a 








PULMONARY GAS ABSORPTION IN BRONCHIAL OBSTRUCTION 337 

carbon dioxid diffuse through the alveolar membrane from the 
venous blood so that these gases are present in the alveoli under 
the same partial pressures as in the blood, as previously mentioned. 

When a mixture of equal parts of a neutral gas and oxygen or 
carbon dioxid is introduced into the atelectatic lung the same 
phenomenon of rapid establishment of gas equilibrium occurs. 

Dog 510. 

5.50 P.M.: 200 cc. of equal parts of helium and oxygen by volume were 
introduced into the atelectatic left lung. 

7.20 p.M. : Gas analysis showed 5.86 per cent oxygen and 8.29 per cent 
carbon dioxid. 

The same modifications in the percentages of alveolar gaseous 
content occuy when active gases (oxygen, carbon dioxid) are intro- 
duced individually into the atelectatic lung. 

Dog 498. Oven-chest experiment. This dog weighed 6.5 kg. Sodium 
iso-amyl-ethyl barbituric anesthesia was used. The left bronchus was 
obstructed and rendered atelectatic. 

10.40 p.M. : 100 cc. of oxygen was introduced into the atelectatic lower 
left lobe. 

10.50 p.M. : Gas analysis showed 8.59 per cent oxj'^gen and 8 per cent 
carbon dioxid. 

If an acute pathologic alteration of the lung endothelium is 
produced so that the respiratory membrane loses its permeability 
or the capillaries are damaged atelectasis does not occur. This is 
shown in a remarkable way when ether in 100 per cent concentration 
is introduced into the atelectatic lung. Undiluted ether vapor 
can be rapidly absorbed (100 cc. in 1 minute), but more often it 
produces a hemorrhagic edema (Fig. 6) strictly limited to the 
obstructed portion of the lung. In these cases further introduction 
of gas in the lung, even of carbon dioxid, which is usually rapidly 
absorbed, is not followed by atelectasis. The lung has lost its 
functional ability for the exchange of gases through the alveolar 
and capillary endothelium. Production of atelectasis has become 
impossible. This fact is illustrated in experimental Dog 499 (open- 
chest), the protocol of which is given here. 

Dog 499. This animal weighed 15 kg. 55 mg. of Sodium iso-amyl-ethyl 
barbituric per Idlogram of bodj’’ weight was given intraperitoneally. 

April 30, 1930. 1.00 p.m.: The dog was in the oscillating negative 
pressure box (oscillations from —4 to —8). The oscillation rate was 
14 per minute. The heart rate was 116. Temperature, 40° C. y grain 
(16 mg.) of ephedrin sulphate was given hypodermically. The left lung 
was obstructed and washed out with oxj’-gen. 

4.15 P.M.; There was complete atelectasis of the entire left lung. 

4.21 p.ji.; Carbon dioxid was introduced to distend the left lung (about 
300 cc.). 

4.24 P.M.: The carbon dio.xid was completel}^ absorbed and there was 
total atelectasis again. 
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4.41 r.M.: 100 per cent ether vapor was introduced to distend the lung 
to the size previously obtained noth carbon dio.vid (ether vapor was obtained 
by slowly passing liquid ether through a long metallic coil immersed in 
water at 90° C.). 

4.45 p.«.: The left lung became edematous, of a dark pink to red color 
and larger than tlie atelectatic lung was at 4.24 p.m. 

4.47 p.ir.: O.xq'gcn was introduced into the left lung'to distend it to its 
former size. 

5.02 P.M.: There was no apparent absorption; tlie volume of the lung 
was the same. 

5.06 P.M.: The clamp on the lung catheter was removed.- A strong odor 
of ether came out of tlie catheter in a. forceful stream of gas; the whole 
amount of oxygen introduced was ndtlidrami, shonnng that none of the 
oxygen and not all of the etlicr had been absorbed, 

Postmortem. The left lung was jiinkish red; in section it was very hemor- 
rhagic and edematous. The weight of the right lung was 140 gm,; of the 
left (edematous) lung, 232 gm. Microscopic section showed interstitial 
hemorrhage and edema. 


Table 4 show.s absorption times of ether in 2 experiments. 
Tabob 4. — Etheii Ausonprion Times. 

A'olume, Absorption 
Woicht, ether time, 


Animal. )cc. vapor. min. 

49S 10 150 1 

5Q4 12 200 3 


It is seen that 100 per cent ether vapor is quickly absorbed by 
the Jung in each case, but often after the first introduction and 
always after a subsequent one it rapidly produces a hemorrhagic 
edema of the obstructed lobe, so that the lobe in question has lost 
its functional ability to absorb any gas or vapor which may be 
introduced into it from now on. 

Tables 5 and G are summaries of a closed and open chest experi- 
ment, using various gases successivelr' in a lower lobe. 


Table 5. — Anim.^l 511. Closed-chest Expbbiment. 


Gas. 

Nitrous oxid 
Oxygen . 
Ethylene 
Oxygon 
Carbon dioxid 
Ethylene 
Oxygen . 
Carbon dioxid 
Nitrous oxid 
Nitrous oxid 



Absorption 


time. 

Volume. 

min. 

280 

23 

275 

15 

250 

25 

280 

14 

275 

5 

275 

15 

275 

12 

250 

3 

250 

17 

250 

22 


It will be noted that the absorption times in the open-chest run 
higher than for the closed-chest. This is probably due to the tact 
that fluoroscopic observation through the chest is not delicate 
enough to allow detection of the end point of absorption; tliat is, 
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after the great bulk of gas is absorbed further shrinkage of the lung 
and absorption of the minimal remnants cannot be followed by 
fluoroscope. (Figs. 3, 5A and BB.) In the open-chest experiment 
absorption of the last traces of gas can lie observed directly. 

Table G. — Aniaial S04. Open-che-st Experiment. 


Gas. 

Volume. 

Absorption 

time, 

min. 

Nitrous oxid 

175 

36 

Carbon dioxid ... 

175 

17 

Ethyl chlorid 

175 

10 

Ethylene 

175 

29 

Carbon dioxid 

200 

21 

Ethyl chlorid 

500 

17 

Carbon dioxid 

300 

42 

Ethylene 

300 

13 

Oxygen 

300 

19 

Ether 

200 

3 


From Table 5 it might appear that nitrous oxid and eth\dene are 
innocuous to the pulmonary endothelium; even with repeated 
introduction their absorjition times as well as those of oxygen and 
carbon dioxid are not prolonged. It should be remarked, however, 
that with nitrous oxid 5 cc. of serous fluid was obtained’ from the 
lobe of lung 11 minutes after its introduction and 1 cc. of serous 
fluid 22 minutes after its introduction. With ethylene 24 cc. of 
serous fluid could be withdrawn from lung I5 hours after introduc- 
tion of the gas. This probably indicates the irritating effect of one 
or both gases. After the second introduction of ethylene 10 cc. of 
gas could still be withdrawn 2^ hours after its introduction and yet 
fluoroscopy show'ed the appearance of the lung to be the same as 
at 15 minutes after introduction. It would appear then, that the 
great mass of ethylene (and also nitrous oxid) is absorbed quite 
readily, but that later with the lung almost atelectatic the absorption 
process is much slower, possibly due, for one thing, to a combination 
of impoverishment of capillaiy circulation in the collapsed state 
and, on the other hand, to a slight degree of endothelial damage. 
Considering the figures of the table, and that 100 per cent concen- 
tration of gases were used, it is likely that nitrous oxid and ethylene 
in concentrations usually u.sed in anesthesia are fairly innocuous to 
the lung. The experiments cited for 100 per cent concentration 
of ether vapor show it to be much more irritating, hemorrhagic 
edema, as a rule, being produced, so that high concentrations of 
ether in anesthesia are to be particularly avoided. From Table 5 
we saw that even assuming very slight endothelial damage, the 
successive absorption times for tlic great mass of gases were not 
materially lengthened by nitrous o.xid and ethylene introduction. 
In Table 6 the first carbon dioxid introduction after the first nitrous 
oxid introduction was followed liy atelectasis in 17 minutes, as 
compared to 3 to 5 minutes for carbon dioxid in Table 5. We 
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should probably deduce from Table 6 that nitrous oxid introduction 
^vas the cause of the lengthening of the carbon dioxid absorption 
time. However, Table 5 does show that siiccesdve introductions of 
ethylene and nitrous oxid did not prolong the absorption times of 
gases subsequently introduced. In Table 6 it is seen that the 
.absorption times for carbon dioxid at successive introductions were 
relatively increased, being 17, 21 and 42 minutes respectively. 
Since the new factor introduced in Table 6 is ethyl chlorid, this 
may point to the deleterious effect of 100 per cent concentration of 
ethyl chlorid vapor on the endothelium. This effect does not appear 
to be permanent, for the larger second volume of ethylene following 
ethyl chlorid took only 29 minutes to absorb; later, ethylene follow- 
ing the second ethyl chlorid introduction took only 13 minutes, 
possiblj^ because of the beneficial effect of the intervening carbon 
dioxid introduction. That the ethyl chlorid effect is not permanent 
is shown by the fact that the final oxj'^gen introduced took only 
19 minutes to absorb, about the average normal period. On the 
contrary, the ether vapor effect appears to be permanent. 

Tabive 7.— Averages of ABsoRmow Times of Gases From a Lvno Inpiated 
TO Fnii. Ihseiratory State. 

Oxygen 15 min. Nitrous oxid . . 17 to 35 min. 

CarbOB dioxid ... 4 “ Ethylene . . . 13 to 29 “ 

Nitrogen .... 16 hrs. Ethyl chlorid . 10 to 17 “ 

Hydrogen .... 18 “ Ether .... 1 to 3 “ 

Helium, over ... 26 “ 

For the sake of completeness, it is of interest to compare the 
absorption times of air, nitrogen, oxj'-gen, carbon dioxid, hydrogen 
and helium in the pleural cavity, with those for the lung; for the 
pleura is a closed cavit 5 ^ completely lined with an endothelial 
membrane, permeable to gases, over half of which is in close rela- 
tion to the capillary system of the lung. • Therefore, it would not 
be surprising if gas absorption in the pleural eavit}^ were accom- 
plished according to the same laws which regulate gas absorption 
in an alveolus completely closed off by bronchial obstruction. This 
conception which wall be elaborated in a forthcoming paper on gas 
behavdor in the human pleura justifies the presentation of the data 
to follow. . , 

Behavior of Gases in the Pleural Cavity. Some preliminary 
observations were carried out in rabbits, rather than the dog, for 
they have a mediastinum which is much more comparable to that 
in the human. The mediastinum of the dog is a flimsy structure 
which is permeable to gases and fluids* so that a unilateral pneumo- 
thorax is not possible. On the contrary, in rabbits a measured 
volume of gas can be introduced into the pleural cavity m o”® 
and unilateral pneumothorax produced. Its absorption is followed 
by obsendng the degree of return of the heart and mediastinum 
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back to their normal position as checked up by fluoroscopy and 
Roentgen ray. (Figs. lA and 7R.) 

The gases used were air, nitrogen, oxygen, carbon dioxid, hydro- 
gen and helium. In each case 75 cc. were introduced into the 
pleural cavity of a rabbit weighing about 2 kg., and the absorption 
times studied by fluoroscopy and Roentgen ray. (Table 8.) This 
volume of gas produced a very marked shift of the heart to the 
opposite side. (Figs. 'I A and 7R.) In 3 experiments carbon dioxid, 
oxygen and nitrogen were introduced into the pleura and samples 
of gas later removed for analysis of their carbon dioxid and oxj^gen 
contents. In this way some insight into the nature of gas exchanges 
through the pleura was to be had. 


Table 8. — Absorption Times of Gases Introduced Into the Pleural Cavity 

OF Rabbits. 


Gas. 

June, 

1930. 

Rabbit. 

Volume gas 
introduced, 
cc. 

Pleural 

cavity. 

Absorption 

time. 

Air 

4 

18 

75 

Right 

6 days 

Nitrogen .... 

4 

14 

75 

Right 

6 " 


16 

16 

75 

Right 

6 “ 

Oxygen 

11 

16 

75 

Left 

2hrs.*for 

40 cc. 

Carbon dioxid . 

11 

14 

75 

Left 

5 min. 

Hydrogen .... 

4 


75 

Right 

4 days 

Helium 

4 


75 

Right 

4 “ 

41 

16 

Hi 

75 

Right 

4 “ 


* 35 cc. of gas were withdrawn for determination of carbon dioxid and oxygen 
percentages. 


Table 9. — Transpleural Exchange of Gases as Shown by Carbon Dioxid 
AND Oxygen Determinations After Introduction of Various 
Gases Into the Pleural Cavity of Rabbits. 


Gas. 

Rabbit 

i 

Date. 

Description. 

Time. 

CO 2 , 

per 

cent. 

O 2 , 

per 

cent. 

N 2 , 

per cent 
(by sub- 
traction). 

Carbon 

dioxid 

19 

May 
1. 1 
1931 

75 cc. carbon dioxid in riglit 
pleural cavity at .... 
Gas sample at 

11.00 A.M. 
11.00 A.M. 


1.50 

8.50 

O.xygen 

IG 

May 

11, 

1930 

75 cc. oxygen in left pleural 

cavity at * . 

Gas sample at 

Gas sample at 

2.40p.m. 
3.00 p.m. 
4.40 p.M. 

G.53 

G.52 

93.40 

93.44 


Nitrogen 

18 

June 

11. 

1930 

75 cc. nitrogen in left pleural 

1 cawty at 

' Gas sample at 

1 Gas sample next day at . . 

3.55 p.M. 
4.15 p.m. 
S.30 p.M. 

4. G7 

5. G9 

3.G7 

9.90 

91. GG 
84.41 


Table 8 is a summary of pleural absorption times. In the pleura, 
as in the lung, the times of absorption for the inert gases, nitrogen, 
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hydrogen, helium, and for air are relatively high, as in the lung, 
oxygen and carbon dioxid have comparatively short absorption times. 

Table 10. — Tbanspleubal Exchange of Gabes as Shown by Carbon Dioxid 
AND Oxygen Determinations After Introduction of Carbon 
Dioxid Into the Pleural Cavity op the Dog. 


Gas. 

1 

Dog. 

Date. 

1 

Description. 1 

^ Time after 
introduction. ^ 

COi 

per 

cent. 

0, 

per 

cent. 

N, 

per cent 
(by sub- 
traction). 

i 

Carbon 

67 1 

May 

250 cc. CO^ introduced into 





dioidd 


9, 

right pleural ca\dty at . 

11.50 a.m. 






1931 


3 min. 

96.00 

1.5 

2.5 



1 


15inin. 

09.4 

10.2 

20.4 



1 


1 hr., 7 min. 

10.9 

15.2 

1 73.9 



1 

i 


2hr8., 20 min. 

1 0.4 

1 

14.1 

79.5 


Table 11. — Summary of Solubility Coefficients and Absorption Times of 

Various Gases. 


Gas. 

Density 
pm. per 
1000 cc. 

Molecu- 

lar 

tveight. 

Solub., 
pm. per 
100 pm. 
HtO. 

Temp. 

Solub. 
coeff., 
cc. gas. 
Bol. in 

1 cc. 
H:0. 


rption time. 

bungt 

(dog). 

Air 

1.30 


0.004 

35“ C. 

0.015 

6 days 

16 hrs. 

Nitrogen , 

1.25 

28 

0.003 

35“ C. 

0.012 

6 days 

16 hrs. 

Oxygen 

1.43 

32 

0.007 

35“ C. 

0.024 

2 hrs. 

15 min. 

Carbon dioxid 

1.98 

44 

0.330 

35“ C. 

0.592 

5 min. 

4 “ 

Hydrogen . 

0.09 

2 

0.00025 

35“ C. 

0.016 

4 days 

18 hrs. 

Helium 

0.18 

4 

0.00020 

25“ C. 

0.014 

4 " 

26 " 

Nitrous oxid . 

1.95 

44.20 

0.067t 

37“ C. 

0.326 


17 to 35 min. 

Ethylene . 

1.27 

28.03 

O.OIOJ 

37“ C. 

0.080 


13 to 29 “ 

Ethyl chlorid vapor 

2.86 

64.50 

0.878§ 

37° C. 

3.07 


10 to 17 " 

Ether vapor . 

3.11 

74 

4.962§ 

37“ C. 

15.94 


1 to 3 " 


* 75 cc. of gas introduced into pleural cavity, 
t Enough gas to inflate one lobe to full inspiratory state, 
j Volume trically determined by us with the eudiometer. 

§ GravimetricaUy determined by us. 


Gas Exchanges in the Pleura. In Table 9 the pleural gas exchanges 
following introduction of carbon dioxid, oxj’^gen and nitrogen in the 
pleura of rabbits are given. When carbon dioxid was introduced 
into the pleura gas analysis 6 minutes later showed that 1.5 per 
cent O 2 and 8.5 per cent Nz had diffused into the pleural catdty. 
Due to the very rapid absorption of CO 2 in the rabbit, analysis 
of the pleural gases over an appreciable period was found impos- 
sible. For this reason 250 cc. of CO 2 was introduced into the right 
pleural cavity of a dog weighing 10 kg. (Table 10.) Owing to the 
flimsy mediastinum of the dog, w^hich is permeable to gases, a 
bilateral pneumothorax was thus produced, and 20-cc. samples ot 
pleural gas were withdrawn for analysis over a period of 2 liours 
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and 20 minutes after introduction of carbon dioxid. Two hours 
and 45 minutes after introduction 55 cc. of gas could still be \yith- 
drawn from the right pleural cavity. Table 10 shows a progressive 
fall in CO 2 percentage and rise in O 2 and N 2 percentages, the last 
reading showing 6.4 per cent CO 2 , 14.1 per cent O 2 and 79.5 per cent 
N 2 , or approximately the composition of alveolar air or of the gases 
in arterial blood. We are as yet unable to state definitely the rela- 
tive importance of the visceral and parietal pleura in the pleural 
exchange and final equilibrium of gases. This phase of the subject 
is still under investigation. 

When oxj'^gen was introduced into the pleura, analysis 20 minutes 
later showed a carbon dioxid percentage of 6.53 and an oxj^gen 
percentage of 93.4. Gas analysis 1 hour and 40 minutes later showed 
practically the same percentages. Carbon dioxid had therefore 
diffused into the pleural cavity and was present at about venous 
blood concentration. (Table 9.) Only traces of nitrogen had dif- 
fused into the pleural cavity. An equilibrium thus tended to be 
established ; a perfect equilibrium is never obtainable so long as the 
absorbing power of the pleura is unimpaired. The constant imbal- 
ance and continuously changing partial pressures of gases or vapors 
on opposite sides of an absorbing membrane can account for this 
lack of equilibrium. Aside from this faetor, in considering the 
rapidity of absorption and diffusion of gases through living mem- 
branes or tissues, an analogy is to be found in vitro in the diffusion 
of gases from one side of a membrane and through it into a stream 
of running water rather than into a beaker of water. A fresh stream 
of blood, arriving as it does in a relatively unsaturated state, is 
available to dissolve and continuously to carry away gases or vapors 
from the pleura or lung. 

"^Wien nitrogen was introduced there was a diffusion of nitrogen 
out of, and oxygen and carbon dioxid into the pleural cavity. Gas 
analysis 20 minutes after the introduction of nitrogen showed that 
4.67 per cent of carbon dioxid and 3.67 per cent oxygen had diffused 
into the pleural cavity. These percentages were ob\’iously beloAV 
equilibrium points because gas analyses 28 hours later showed carbon 
dioxid had risen to 5.69 and oxj’^gen to 9.9. The latter figure for 
oxj’'gen, whieh is between the venous oxj^gen concentration (5 per 
cent) and arterial concentration (14 per cent), may indicate that a 
further rise of oxygen percentage would have been found in sub- 
sequent analyses, or else that oxygen in the pleura now tended to 
be in equilibrium vdth arterial blood. 

Pleural Absorption Compared to Pulmonary Absorption. From 
Table 11 it will be noted that in the pleura, as well as in the lung, 
air, nitrogen, hydrogen and helium require a long period for absorp- 
tion compared to oxygen and carbon dioxid; for the former gases 
are dependent chiefly on their degree of solubility in the moist 
endothelium and blood for absorption from the lung. That the 



344 


CORYLLOS, birnbaum : 


density, cand therefore diffusibility, has very Jittle to do with the 
time of absorption of an inert gas, is clearly demonstrated in the 
case of nitrogen and hydrogen which are about equally soluble in 
water. Nitrogen with a molecular weight of 28 is 14 times as dense 
as hydrogen with a molecular weight of 2. Nitrogen, therefore, 

has only about 0.26 diffusion speed of hydrogen and 

should, theoretically, require 4 times as long to absorb as does 
, hydrogen; yet in the pleura nitrogen required only 1.5 times as long 
a period to absorb as did the hydrogen. In the lung, nitrogen and 
hydrogen were absorbed in approximately equal times. Although 
the solubilitj’’ coefficients of oxj'gen and carbon dioxid are respec- 
tively 2 times and 50 times that of nitrogen (Tables 8 and 10), the 
former two gases were absorbed from the lung and pleura in far less 
than one-half and one-fiftieth the time for nitrogen. As previously 
mentioned in the case of oxygen and carbon dioxid, the factors of 
affinity of carbon dioxid for alkalies of the tissues and blood and of 
oxj'gen for hemoglobin account for rapid absorption of these gases 
as compared ndth nitrogen, hydrogen, helium and air. These fac- 
tors appear to obtain both for the pleural cavity and the lung. 
Carbon dioxid is apparently quite as rapidly absorbed from the 
. pleura as from the lung. Cxj^gen would appear to be slower in 
absorption from the pleura, and the inert gases, nitrogen, hydrogen, 
helium and air require considerably longer times for pleural absorption. 

It would not, however, appear surprising for the pulmonary 
absorption of a gas to be more rapid than pleural absorption; in fact, 
it is rather to be expected. The construction of the lung is ideal 
for gas absorption, the myriads of alveoli offering a large absorbing 
surface (a maximum of 1000 square meters) for the gases contained 
within them. Each alveolus is surrounded by a rich capillary net- 
work m intimate contact with the verj"^ thin pulmonary endothelium 
through which a rapid interchange of gases can take place. As 
compared with the pulmonary endothelium the pleura offers a 
relatively small absorbing surface for the volume of gas introduced 
into the pleural carity; it is not endowed with a highly specialized 
capillary network such as is found around each alveolus. It seems 
reasonable to deduee, therefore, that the most of the absorption 
is carried out by the visceral pleura, notwithstanding the lung’s 
decrease in surface and the impaired circulation due to collapse of 
the underlying pulmonary tissue. This may be why the rate increases 
as the lung expands (improved pulmonary alveolar circulation) and 
decreases as the pleura thickens. On this important point studies 
on the human are being carried out at Metropolitan Hospital, 
Tuberculous Service, New' York City. 

In a general w'ay Table 11 shows that both for gases and anesthetic 
vapors the absorption times for the lung are inversely proportional 
to the solubility coefficients of the gases and vapors studied. Ihis 
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is shown by taking the solubility coefficient of nitrogen, an inert 
gas, as a standard, and comparing to it the solubility coefficient of 
the gas or vapor in question, remembering that the higher the solu- 
bility coefficient, the quicker is the absorption. Oxygen and even 
the highly soluble carbon dioxid are noticeable exceptions to the 
rule. The affinity of carbon dioxid for alkali of the tissues and blood 
and of oxygen for hemoglobin, already pointed out, account for the 
relatively rapid absorption of these gases from the pleural cavity 
■and lung. 

Ethylene required a much shorter time for absorption and ethyl 
chlorid vapor and helium a little longer time for absorption than 
calculated from the water solubility coefficients of these gases. 
Ether vapor was absorbed most rapidly of all, as would be expected 
from its high solubility coefficient, in spite of the fact that its diffusi- 
bility is least of all the vapors and gases studied (because of its high 
density); its absorption time is in agreement with the findings of 
Van Mechelen,!^ who showed ether to be absorbed from the human 
lung with great rapidity. He found that on inhalation of If liters 
of air containing from 9 to 26 per cent ether (26 to 78 gm. per 100 
liters air) over 95 per cent of the ether was absorbed from the 
human lung in 2 seconds. Van Mechelen found that ether was in 
some instances considerably less soluble in blood than in distilled 
water. However, there are two other factors aside from the high 
solubility of ether which can account for the rapid absorption of 
ether from the lung. The first is that arterial blood (carotid artery) 
•in a single and,first passage through a lung containing about 14 per 
cent ether became two-thirds saturated AHth this anesthetic. The 
second point is that Van Mechelen showed the arterial blood to 
contain considerably more ether than the venous blood even after 
•more than 3 hours of anesthesia. The venous blood thus remains 
relatively unsaturated by ether for long periods and so can absorb 
considerable volumes of ether vapor as it courses through the lung 
again and again. In the light of these considerations the rapid 
absorption of ether from the lung becomes clear. 

A point of interest is the cause and mechanism of the possible 
irritant or even corrosive action of strong concentrations of ether 
vapor in the lung. As previously stated, 100 per cent concentration 
ether vapor often produced hemorrhagic edema of the lung in 
our experimental animals. A possible contributory cause of this 
may lie in the fact, as we have found, that ether containing 
traces of water may exist as a liquid at body temperature (37° C.), 
whereas pure ether boils at 34.5° C. and can exist only as a vapor 
at body temperature. Moreover when water is dissolved in ether 
to the extent of 9.92 to 100 gm. of ether (0.09 gm. H 2 O per gm. 
ether) a perfect solution is obtained, which does not boil below 45° C. 
Due to water vapor in the lung and water in the endothelium itself, 
it is conceivable, therefore, in view of what we have just said, that 
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ether in high concentrations in the lung may condense and remain 
as a liquid on the pulmonarj'^ endothelium. Such liquid ether might 
irritate pulmonary tissue first by its dehydration of the endothelium 
and then by a direct action upon it. This could account for the 
hemorrhagic edema produced by high concentrations of ether vapor 
in the lung. 

Summary and Conclusions. Gases and anesthetic vapors con- 
tained in alveolar cavities shut off by complete bronchial obstruc- 
tion gradually leave the lung and finally disappear so that the lung 
becomes atelectatic. 

The speed of the disappearance of these gases is proportionate to 
their solubility coefficient, diffusion speed and to their chemical 
affinities for substances dissolved in the blood (hemoglobin in the 
case of oxygen, alkalies in the case of carbon dioxid, etc,). 

Since ligature of the branches of the pulmonarj^ artery corres- 
ponding to the obstructed lung prevent this disappearance of gases 
and vapors from the alveoli (Lichtheim, Schlaepfer), it has been con- 
cluded that this disappearance is due to absorption by the blood 
circulating through the lung. However, no direct evidence of this 
contention has ever been presented. 

In this paper a detailed study has been presented of the times of 
absorption of oxj-gen, carbon dioxid, nitrogen, hydrogen and helium 
introduced into a lung preAnously rendered atelectatic. In this 
way the absorption times have been determined vnth considerable 
accuracy and their absorption has been proven. 

Determinations which were carried out by the same technique for 
anesthetic vapors and gases, namely, ether, ethyl chlorid, nitrous 
oxid and ethylene showed the great rapidity of their absorption. 

Integrity of the alveolar endothelium is just as necessary as 
integrity of the pulmonary circulation. Edema of the lung pro- 
duced by injection of concentrated ether vapor into the lung instan- 
taneously stops gas absorption. 

Comparative study of absorption by the pleural cavity of oxj’’gen, 
carbon dioxid, nitrogen, air, hydrogen and helium showed that theu 
absorption is regulated by the same physicochemical laws governing 
absorption of gases from the obstructed lung. 

On the basis of the above experimental findings it has been 
endeavored to justify our contention that atelectasis always follows 
complete bronchial obstruction and that it cannot occur vithout 
complete bronchial obstruction. 

The aim of this investigation has been to offer a direct expen- 
mental proof that complete bronchial obstruction is the exclusive 
cause of atelectasis. , , 

In the third paper of these series a new theory of production or 

atelectasis will be given. 

Note.— We are indebted to Mrs. Aies Barsen for preparation of 
to Mss Helen C. AVarny of the Airo-BaUoon Company, New York City, lor 
supply of helium gas, and to Mr. Eugene Oatrow for technical assistance. 
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STUDIES IN PULMONARY GAS ABSORPTION IN BRONCHIAL 

OBSTRUCTION.* 

m. A Theory of Am Absorption in Atelectasis. 

By Pol. N. Coryllos, M.D., 

PROFESSOR OF CLINICAL SURGERY AND RESEARCH ASSOCIATE IN SURGERY, 

AND 

George L. Birnbaum, M.D., 

RESEAHCH ASSISTANT IN SURGERY, CORNEUI. MEDICAL COLLEGE, 

NEW YORK. 

(From the Department of Surgical Research, Cornell University Medical College, 

New York.) 

Considerations brought forth in the previous papers of this 
series lead us to the conclusion that atelectasis is the end result of 
the interchange between the gases of the alveoli and the perialveolar 
capillary blood through the pulmonary endothelium. Atelectasis 
must ine\dtably follow complete bronchial obstruction as a result 
of the absorption of the alveolar gases; conversely atelectasis cannot 
occur unless the alveolar gases are completely shut off from the 
external air. Incomplete obstruction of a bronchus would mean 
a renewal by the inspired air of the gases depleted in alveolar 
absorption. 

* This work was aided by a gift of Mrs. John L. Given in support of surgical 
research and a grant from the National Research Council Fund. 
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In the light of this theory atelectasis depends upon the difference 
in partial pressures of the gases on either side of this membrane, 
upon the integrity of the pulmonary endothelium and upon the 
integrity of the pulmonary circulation allowing the gases absorbed 
from the alveoli to be carried away from the lung by the blood. 

The most important factor in the accomplishment and regulation 
of this exchange of gases is the difference in partial pressures of the 
gases in the alveoli and perialveolar capillary blood. Paul Bert 
showed first that in the alveoli or in the blood it is not the total 
pressure of the gas mixture, but the partial pressure of each indi- 
^^dual gas acting as if it were alone which is of importance. In a 



mixture of gases, where no chemical action occurs, each gas behaves 
independently; this fact is formulated in the law of partial pressures, 
of Dalton. Thus, if 100 cc. of oxj'-gen and 400 cc. of nitrogen both 
at one atmosphere of pressure are mixed, the resulting mass of gas 
occupies 500 cc. at the same pressure. Since equal volumes of gases 
at the same pressure contain equal numbers of molecules, the mix- 
ture contains 4 times as many nitrogen as oxj^gen molecules in the 
contained space. This means the nitrogen can exert 4 times as 
much pressure against a given membrane, for the bombardment 
and number of its molecules against it is 4 times as great as oxj gen. 
Thus the oxj^gen acts as if it were under a pressure of' only | of an 
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atmosphere (f X 760 = 152 mm. Hg), while the nitrogen acts as 
if it were under a pressure of f of an atmosphere (f X 760 = 608 
mm. Hg). ' 

In Fig. 1 is shown the percentages of oxygen and carbon dioxid 
obtained by alveolar gas analysis before obstruction of a lobar 
bronchus and for a period of 10 hours thereafter. Within 10 minutes 
after obstruction the oxj^gen has fallen from 15 to 5 per cent and 
the carbon dioxid has gone from 5 to 6 per cent, showing that an 
approximate equilibrium %vith the venous alveolar capillaries has 
been established. From this point on, q series of gas exchanges 
takes place, leading ultimately, in 12 to 16 hours, to an atelectasis, 
as occurred in this case. 

Table 1. — Pebcentages and Partial Pbebberes op Oxygen, Carbon Dioxid 
AND Nitrogen in Alveolar Air and Venous Capillary Blood. 

Alveolar air. Venous blood. 


Gas. Partial, Partial 

pressure Per cent, of pressure, 

Per cent. mm. Hg. one atmosp. mm. Hg. 

• Oxygen 15 114 5 38.0 

Carbon dioxid 5 38 6 45.6 

Nitrogen 80 608 . . 608 . 0 


Table 1 represents in round figures the percentages of one atmos- 
phere and the corresponding partial pressures of gases in the 
alveolar and venous air. These differences in partial pressures are 
possible notwithstanding the continuous exchange of gases through 
the respiratory membranes, only because the alveolar air is con- 
tinuously renewed by respiration, by drawing by diffusion on the 
tidal air filling the bronchi on each respiration. This exchange is so 
active that in spite of the continuous renew^al of air the alveolar 
air is poorer in oxj’^gen and richer in carbon dioxid than the atmos- 
pheric air. It is precisely these differences in partial pressures 
between alveolar and venous gases ■which render possible oxj^gena- 
tion of the venous blood and elimination of its carbon dioxid. 

It is obvious then that if a bronchus is obstructed the air entrapped 
in the lung -will undergo qualitative changes. Its composition -vnIII 
gradually approach the percentages of the gases of the venous 
blood Avhich is constantly coursing around the alveoli, carrjdng 
away gases wdiich are under excess pressure in the alveoli (oxj’^gen) 
and giving off gases to the alveoli w'hich it has in excess (carbon 
dioxid). Such qualitative changes necessarily result in quantita- 
tive changes. 

In order to simplify the question, -we shall graphically represent 
the alveolus by a circle surrounded by a larger circle ^Yhich repre- 
sents the venous blood circulating in the perialveolar capillaries. 
(Fig. 2.) , Further, 100 •will represent the volumes of the air con- 
tent of this alveolus (0; 15, CO 2 5, No 80). After obstruction of 
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the bronchiolus an equilibnuni of gases inside and outside of the 
alveolus will be established. We sliall consider the three gases 
separately. 



Fig. 2. — A schematic representation of alveolar gas exchanges, gradual gas absorp- 
tion and shrinkage of the alveoli after complete bronchial obstruction. The absolute 
volume of the alveolus is only approximately indicated, but the figures are relative 
and demonstrate perfectly rvoll the principles involved. In 1, 10 volumes of oxygen 
diffuse into the venous blood and 1 volume of carbon dioxid diffuses out of the venous 
into the aiveoius. In 2, the alveolus has now lost 9 volumes of gas as stated under 1 
and oxygen and carbon dioxid have come into equilibrium in the venous capillary 
blood and in the alveolus. However, the percentage and partial pressure of nitrogen 
have now been increased so that 9 volumes of nitrogen diffuse out of the alveolus 
into the tchous blood. In 3, 9 volumes of nitrogen having previously diffused out of 
the alveolus into the venous blood, the percentage and partial pressure of oxygen or 
carbon dioxid have been relatively increased. For purposes of explanation let us 
say the oxygen has thus been relatively increased in percentage and partial pressure. 
Nine volumes of oxygen are now ready to diffuse out of the alveoli into the venous 
blood. In 4, 9 volumes of oxygen having diffused from the alveolus into the blood, 
we can consider that the carbon dioxid in the alveolus is relatively increased by these 
9 volumes. Thus the partial pressure of this gas is relatively increased and carbon 
dioxid is ready to diffuse out of the alveolus. Thus the cycle continues until all the 
gases of the lung are absorbed, although actually the gas exchanges are going on 
simultaneously and not in the isolated way which we have ideally considered. 


Oxj^gen represents 15 per cent of the gas mixture, and it is under 
a partial pressure of 114 min. of mercury in the alveolus, whereas in 
the venous blood it is present to the extent of 5 per cent of one atmos- 
phere and a partial pressure of only 38 mm. of mercury. (Fig. 2.) 
Therefore, 10 volumes of oxj^gen will pass from the alveolus into the 
blood ; at the same time, and for similar reasons, 1 volume of carbon 
dioxid will pass in the opposite direction from the blood to the 
alveolus. In this way the gas mixture of the alveolus mil Jose 
9 per cent of its original volume, so that instead of 100 volumes there 
is now 91 volumes. Now if the alveolar wall were a rigid structure 
the total pressure of gas in the alveolus would decrease and instead 
of a pressure of 114 38 + 608 = 760 mm. of mercury, it would 

become 38 + 45.6 + 60S = 671.6 mm. of mercury. Since the 
ah'^eolar wall is a perfectly elastic structure, it is obvious J:hat the 
alveolus Asdll retract because the pressure around it is 760 mm. 
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of mercury. In fact the other lung being in connection with the 
atmospheric air^ the intrapulmonary pressure in it is 760 mm. of 
mercury (the negative intrapleural pressure of from —4 to —7 mm. 
of mercury is comparatively so small that it is of little importance 
in this mechanism) . 

We shall now consider nitrogen. At the start, before bronchial 
occlusion, it represented 80/100 of the alveolar gas mixture. Now 
after the reduction in volume of the gas mixture it represents 80/91 
of the gas mixture and its partial pressure has risen from 608 to 
676.4 mm. of mercury. But this pressure is much higher than the 
pressure of nitrogen in the capillary blood; the excess of nitrogen 
will, therefore, pass into the blood. In other words, 9 volumes of 
nitrogen will be carried from the alveolus by the circulating blood, 
so that the volume of the alveolar air will be 91 — 9 = 82 volumes.* 

This decrease in alveolar nitrogen disturbs again the equilibrium 
of oxj'^gen and carbon dioxid between the alveolar air and the venous 
blood. Let us suppose that oxj^gen alone is affected by this imbal- 
ance. It is obvious that instead of 5 per cent, as it was previously, 
it will now represent 14 per cent of the alveolar gas mixture (N 2 80 
+ CO 2 6 + O 2 14 per cent) and, therefore, its partial pressure will 
rise to 106 mm. of mercury; so that now again 9 volumes of ox;\'gen 
are ready to be carried away from the alveolus by the circulating 
blood. When this happens the volume of the alveolus will decrease 
to 82 — 9 = 73 volumes. 

The carbon dioxid will be affected in the same way (Fig. 2), and 
for similar reasons its percentage vnll rise from 6 to 15 per cent, 
corresponding to a partial pressure of 114 mm. of mercury, so that 
again 9 volumes of carbon dioxid are ready to be carried away by 
the circulating blood, thus reducing the volume from 71 to 62. 
The cycle is repeated, and 9 volumes of nitrogen will be ready to 
pass from the alveolus into the venous blood. Continuing this 
series of events, there will be a constant oscillation in gas values, 
and all the alveolar gases will be absorbed. In the open chest 
experiments we have noted that the initial absorption of gas is 
slow; after a while the lung seems to shrink much more rapidly; 
that is, there is an accelerated diminution in the size of the lung. 
Toward'the end of the process when the great mass of gas has already 
been absorbed the process of absorption seems to slow down mark- 
edly, so that one may observe small isolated or patchy areas remain- 
ing practically unchanged over a long period of time. This mech- 
anism is explained in Fig. 4, p. 332. The alveolus is represented by a 


* These fiRures are not, strictly speaking, exact; for example, the volume of 
nitrogen in Fig. 2 = 80/91 = 87 .9/100 and the partial jiressure corresponding to it 
equals C67.04 mm. of mercury. We prefer to give the figures as they are, however, 
because they simplify the explanation without altering any essential relations 
between the gases. 
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sphere, the radius of which is 1. The ratio of surface to volume is 
3 to 1. Now suppose gases are absorbed so that the alveolus 
shrinks and its radius is one-half; the ratio of surface to volume is 
now G to 1. In other words, the volume of contained gases has been 
diminished much more than the surface of the ahmolus, and there 
is relativel}^ twice as much surface for the contained volume of gas 
as there was previously. This means that there is more absorbing 
surface for a unit volume of gas, and the alveolus will absorb a 
greater fraction of its contained volume of gas per unit of time 
than in the previous case. Tlius, with the progressive shrinkage 
of the lung there is an acceleration in the absorption rate. How- 
ever, this effect is offset by the impoverishment of the capillary 
circulation ■when the alveoli are markedly collapsed, so that in this 
w'ay 'we can explain what ■we have actually observed ; a slowing up 
of absorption tow'ard the end of the process. 

It is understood, of course that gas absorption does not occur 
in the schematic w'ay we have here depicted; actually, there is an 
incessant simultaneous exchange of all the gases involved. Bohr 
has shown that extremely small differences in partial pressures are 
sufficient to insure the diffusion of great amounts of gases through 
semipermeable membranes. Loewy and Luntz have shown that a 
difference of only a couple of millimeters of mercury suffices for the 
passage through the alveolar membrane of the 250 cc. of oxj^gen 
per hour per kilogram necessary basically for a man at rest. 

We have seen that the anesthetic vapors and oxygen are rapidly 
absorbed.* It is now easy to understand how atelectasis might 
develop during the course of an operation as in the cases reported 
by H. Santee and Bergamini and Shepard. Should complete 
bronchial obstruction by viscid bronchial secretions occur during 
the course of an operation and the lung area involved contain a 
high percentage of anesthetic vapors and oxj^gen, atelectasis could 
readily be produced ■within an extremely short time. 

A ■amrd should be said further about the role played by nitrogen 
in the gaseous exchanges in the lung. We have seen that it is one 
of the inert gases, requiring many hours for its absorption. Oxygen 
and carbon dioxid alone are absorbed by the lung in a few minutes; 
but ■nffien oxj^gen and carbon dioxid are considered in the atmos- 
pheric mixture their absorption periods are greatly prolonged the 
nitrogen of the air acting as a physical brake by virtue of its slow 
absorption into the blood. For this reason should bronchial 
obstruction occur, the time required for the production of atelectasis 
would be measured in hours rather than minutes. In this way the 
nitrogen of the air may be considered as a fortunate circumstance 
of Nature to delay alveolar gas absorption and production of 
atelectasis. This delay is valuable because it allows an mterval 

* The reader should refer to the two previous articles of this series. 
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of time during which reaeration of the lung could still be easily 
accomplished. Thus nitrogen may be thought of as the “safety 
brake,” especially during anesthesia and the postoperative period, 
and may be considered as the “mechanical buffer” of the air,' 

From the foregoing paragraphs it is seen that in the absorption 
of anesthetic gases and vapors the nitrogen of the air allows their 
dilution and acts as a “brake,” delaying their absorption. Without 
this gas general anesthesia by inhalation would not be possible. 

Comment. There are three possible objections to our theory: 

1. An equilibrium between the gases of the blood and alveolar 
blood could be reached after bronchial occlusion, and this should 
stop further exchange of gases. 

2. Much more carbon dioxid should pass from the blood into the 
alveoli, because its speed of passage through the alveolar membrane 
is 30 times as great as for oxygen; thus atelectasis would be impos- 
sible. 

3. The negative intrapleural pressure on the affected side in 
atelectasis has often been reported so increased that it was surmised 
that it should cause a passage of gases from the blood into the 
alveolus, and in this way prevent atelectasis. 

The first objection can easily be answered. If all the gas mole- 
cules contained in the obstructed alveolus are absorbed this is due 
to the perfect elasticity of the alveolar membrane and to the great 
difference in diffusion speeds through it of oxygen, carbon dioxid 
and nitrogen. For these reasons a perfect equilibrium is never 
reached, and as Loewy and von Schroetter first showed, the exchange 
of gases is represented by an asymptotic curve. 

The second objection is based on the great speed of passage of 
carbon dioxid through the alveolar membrane as compared vdth 
oxygen or nitrogen. We have already mentioned the experiment 
with the frog’s lung demonstrating this point. Exner, using a soap 
film, showed that carbon dioxid would pass through it toward an 
indifferent gas with a speed of about 10 cc, per minute per square 
centimeter when under a pressure of only of an atmosphere. 
But the rate of diffusion of gases is regulated by their partial pres- 
sures, so that, although carbon dioxid passes rapidly from the blood 
into the alveolus after bronchial obstruction an equilibrium is 
reached when its percentage becomes about 6 per cent of one atmos- 
phere in the alveolus; after this point the actual mass of carbon 
dioxid exchanged through the respiratory membrane is small. In 
other words, the exchanges of carbon dioxid are rapidly accom- 
plished, but the actual amount of carbon dioxid passing through 
the respiratory membrane is regulated exclusively by the difi'erences 
in partial pressure of the gases respectively in the alveolar and 
venous air. 

The third objection is of even greater importance. Habliston, 
in 192S, found the intrapleural pressure on the atelectatic side in 
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4 cases in man to be -12, -13, -16 and -25 mm. of mercury 
jespectively, as against —4, to — / mm, on the unaffected side. 
Farris reported 2 similar cases in which relief was obtained by 
artificial pneumothora.x. Wilson and Gordon (quoted by Hablis- 
ton) and Ashbury have also reported such cases. Aslibury reported 
a case with a negative intrapleural pressure of -16 to -20 mm. 
of mercury; after inducing a partial pneumothorax on the affected 
side ^Yith 600 cc. of air the pressure became —4 to —7 mm. of 
mercury. 

Presumably, with a negative intrapleural pressure of —16 to 
— 20 mm. of mercury the intrapulmonary pressure is also —16 to 
' —20 mm. of mercury below atmospheric pressure, for the gases in 
the lung are under a pressure which tends to be equal to the intra- 
pleural pressure. In the case of a lung which is completely ob- 
structed the pressure of gases within it tends to equal the intra- 
pleural pressure because of the elasticity of the alveoli; thus, if the 
intrapleural pressure U'ere —20 mm. of mercury the intrapulmonary 
pressure would also be about 20 mm. of mercury less than atmo- 
spheric, i. e., about 740 mm. of mercury. If we consider the 
percentages of oxygen and carbon dioxid in the entrapped alveolar 
air as 5 and 6 per cent, of one atmosphere respectively, their partial 
pressures would be 38 and 45.6 mm, of mercury when the intra- 
pulmonary pressure is 760 mm. of mercury and 37 and 44.4 mm. of 
mercury with an intrapulmonary pressure of 740 mm. Therefore, in 
the case under consideration the effect of a —20 mm. negative intra- 
pleural pressure would be to lower the partial pressure of oxygen and 
carbon dioxid in the ah'eolus by only from 1 to 2 mm. However, it 
must also be remembered that the gases in the alveolar capillary blood 
are also subjected to corresponding diminution in their pressures, so 
that from a relative standpoint the partial pressures of the gases in 
the alveoli and in the alveolar capillaries have not changed. We may 
thus deduce that the increased negative intrapleural pressure does 
not materiallj' influence the exchange of gases in the obstructed 
lung. 

So far as the therapeutic effect of artificial pneumothorax is con- 
cerned, we agree with the foregoing authors quoted, as to its pallia- 
tive effect by decreasing the displacement of the heart, but we 
completely disagree as to its efficacy in freeing the air passages 
of obstructing material. Pneumothorax cannot further compress a 
lung already atelectatic. Lastly, collapse of the lung by pneumo- 
thorax does not favor reaeration or penetration of air info this lung; 
on the contrary, deeper respiration by producing dilatation of the 
bronchi is more apt to lead to'the formation of airu^ays between 
obstructing mucus and bronchial wall with subsequent expulsion 

of the obstacle to respiration. _ . 

Increased pressure of the entrapped air as produced m cougumg 
or strained respiration would theoretically accelerate the absorp- 



PULMONARY GAS ABSORPTION IN BRONCHIAL OBSTRUCTION 355 

tion of the alveolar gases, as has been maintained by van Allen 
and Adams. We think, however, that these authors have greatly 
exaggerated the importance of the factor, for an increase in intra- 
pulmonary pressure in the obstructed lung can in these cases be 
produced only by an increase in the intrapulmonary pressure of 
the healthy lung. This means an increase in total intrathoracic 
pressure and consequently in the blood and blood gases as well. 
It seems that in these cases of van Allen and Adams, if atelectasis 
was produced earlier in animals incompletely anesthetized and 
struggling, this was due rather to excessive muscular work and 
exhaustion of oxygen in the blood, while at the same time rapid 
breathing washed out the carbon dioxid of the blood; the per- 
centages of both gases and their partial pressures in the blood were 
decreased, causing a more rapid absorption of the entrapped air. 
We do not think, however, that from their data these authors were 
justified in coming to the conclusion that “narcotics are advisable 
because they aid in preventing atelectasis.” The chief means the 
lung possesses to prevent atelectasis, or to overcome it once the 
bronchus is obstructed, is expulsion of the bronchial exudate by 
cough and deep breathing. Narcotics, on the contrary, deprive 
the lung of its best means of defense. We believe that for reasons 
previously described the more efficient treatment (both preventive 
and curative), besides rolling of the patient from side to side and 
encouraging him to breathe deeply, is hyperventilation by repeated 
inhalation of 10 per cent carbon dioxid in oxygen, (according to the 
method introduced by Henderson and Haggard in resuscitation 
after carbon monoxid poisoning), or bronchoscopic aspiration of 
bronchial exudate. 

For a number of years we have endeavored to show that atelectaas 
is a well-defined clinical syndrome with a definite etiology, patho- 
genesis, pathology and treatment. It presents various clinical 
forms which can briefly be distinguished as follows: 

1. According to the etiology: obstructive or compressive, post- 
operative or medical. 

2. According to its distribution: multilobar (massive), lobar or 
lobular (patchy). 

3. According to its duration : acute or chronic. 

4. According to its evolution: simple or complicated. 

The last variety comprises the cases in which infection follows 
because of the presence of the obstructing agent of microbes of more 
or less high virulence, so that an infectious process begins in the 
lung and is favored by the impaired drainage of the respiratory 
organ. Postoperative atelectasis in which Group 4 pneumococcus 
is always present represents a mild form of infection. Lobar pneu- 
monia in which more virulent pneumococci are present represents 
another type of acute infectious atelectasis occurring as an accident 
in the course of pneumococcic bronchitis. Abscess and gangrene 
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of the lung are similarly infectious forms of septic bronchial obstruc- 
tion and atelectasis, due to specific microorganisms, aerobes and 
anaerobes. The painstaking work of Smith, Allen, Joannides and 
others throws a new light on this last variety, justifjdng our con- 
ception. 

We have also endeavored to pro^'e that the pathologic process in 
the different forms of atelectasis develops along the same lines as 
in similar lesions in glandular organs, the ducts of which have been 
obstructed and to which the lung should be compared. We have 
shown that the circulation and the ventilation in lungs that have 
become atelectatic, from anj' cause, show exactly parallel changes, 
depending entirely on the condition of the pulmonary ventilation. 

The present nmrk, by shomng the intimate mechanism of the 
production of apneumatosis, can explain the pathogenesis of the 
different forms of the disease by sound phj’siologic principles. It 
shows, further, the importance of physiologic, physical and chemical 
consideration in the study of respiration in relation to thoracic 
surgery. Clinical and experimental emdence points to the conclu- 
sion that atelectasis is always due to complete bronchial obstruc- 
tion. We vdsh to stress the great importance in the pathology of 
the lung of impairment of free bronchial drainage, and we believe 
that it has been demonstrated beyond doubt that atelectasis must 
be definitely associated vdth the idea of bronchial obstruction. 
The obstructing agent, whatever its nature, should be sought and 
treatment instituted for its removal and reaeration of the lung- 
General Conclusions. 1. Experimental methods have been de- 
vised which give evidence that when a bronchus is completely 
obstructed the entrapped alveolar air rapidly undergoes qualitative 
and quantitative changes as determined by successive gas analyses. 

2. Qualitatively, the percentages and partial pressures of the 
gases comprising the alveolar air tend to, but never quite, reach an 
equilibrium with the gases of the venous blood. 

3. Quantitatively, the entrapped ahmolar gases pass through the 
respiratory membrane into the blood circulating in the perialveolar 
capillaries until complete airlessness of the involved area is pro- 
duced. 

4. The mechanism of production of atelectasis in the compressed 
lung (pneumothorax, pleural exudate, intrathoraeic tumors, etc.) 
is exactly the same as in bronchial obstruction. 

5. Besides the gases of the air,,diffusion of other gases was studied 
by introducing them into a lung preidously rendered atelectatic. 
The different gases used in these experiments were; (a) Active 
gases, oxj'gen and carbon dioxid; (6) neutral gases, hydrogen, nitro- 
gen and helium; (c) anesthetic gases or vapors, ether, ethyl cblond, 

nitrous oxid and ethylene. j- ^ 

6. A new experimental method vras devised which allows direCT 
vision of the pulmonary changes occurring during the expenment. 
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7. Nitrogen in the respiratory air plays the part of a “mechanical 
buffer,” retarding the absorption of more diffusible and more 
soluble gases. 

8. This experimental work has allowed the formation of a theory 
on the mechanism of atelectasis based on the physiology of exchange 
of gases in the lung. 
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\ 

(From the Laboratories of the Philadelphia General Hospital, Presbyterian Hospital 
and the Department of Pathology of the University of Pennsylvania Medical 
School.) 

The pulmonary manifestations of rheumatic fever have been 
studied by many clinicians. Many years ago Fuller,^ Cheadle,^ 
Garrod® and other English physicians wrote of “Rheumatic Pneu- 
monias.” It is probable that these earlier writers recognized clin- 
ically lesions similar to those which are the subject of this report. 
Some of their observations correspond very closely to what is today 
being identified as the clinical picture of rheumatic pneumonitis 
and rheumatic pleurisy. Garrod mentioned the transient character 
of the physical signs of the pulmonary lesions, but he stated that 
there is nothing peculiar in the postmortem appearance of such a 
lung or its pleura which would differentiate it from the ordinary 
acute inflammations. 

Pulmonary lesions in the course of rheumatic fever are certainly 
not infrequent, as evidenced by the reports of Fuller,^ Latham, 
Cheadle,' Garrod® and in recent years by Thayer,® Swift,® Rabino- 
witz^ and Paul.® They have been recognized rather commonly in 
the more severe cases of rheumatic fever studied by Dr. J. C. 
Small and ourselves at the Philadelphia General and Presbyterian 
Hospitals. 

Until very recently, knowledge of the incidence and character of 
these changes has been based mostly on clinical observations. 
Pathologic study was inconclusive. 

Among the lesions which others have described are: (1) Rheu- 
matic fibrinous pleurisy; (2) rheumatic pleurisy with effusion; (3) 
atelectasis secondary to pleural effusion; (4) atelectasis secondary to 
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enlarged heart dr pericardial effusion; (5) vascular lesions, involving 
the pulmonary aorta and its branches. 

The above list does not include the pulmonary changes commonly 
caused by cardiac decompensation, such as hydrothorax, passive 
congestion and infarction of the lung, both static and embolic. 

Rheumatic pleurisy, meaning a specific inflammatory lesion, 
similar to rheumatic pericarditis and pdlyartliritis, was among the 
earliest recognized features of rheumatic fever. Despite the fact 
that it was accepted as a rheumatic manifestation, little attempt was 
made to establish its status by pathologic description, longstretli,® 
of the Pennsylvania Hospital, described the marked fibrinous char- 
acter of this pleurisy and pointed out the rarity of empyema as a 
complication. Bezan^on and WeilP® studied the chemical composi- 
tion of the pleural effusion with especial reference to its fibrin 
content. They, as well as others, recorded a predominance of endo- 
thelial cells in rheumatic pleurisy. In 1928, Paul® made an excellent 
review of the history of the pleural and pulmonary lesions and 
described the specific nature of the pleurisy. 

The vascular lesions are the specific changes that have been ' 
observed in the pulmonary artery, its branches, and especially the 
arterioles. They are identical with the vascular lesions seen in the 
aorta and in many of the viscera and are characteristic of rheumatic 
fever. Other acute infections are known to produce focal necrotic 
lesions in the aorta and the arterial branches, but rheumatic fever 
is now recognized as the most important cause of this type of lesion. 
Discovery of this vascular damage has been a recent contribution 
to the rapidly-increasing knowledge of the nature of rheumatic 
fever.'^ Acute rheumatic involvement of the pulmonary aorta and 
its larger branches has been of little or no clinical significance. 

Pleurisy is a common manifestation of the serous membrane 
involvement in the active stages of the disease. Undoubtedly it 
has been the cause of many, or in certain cases most, of the physical 
signs that led to the diagnosis of “rheumatic pneumonia,” and to 
the unusually high incidence of that complication in the statistics 
of Latham and Fuller. It is seen in the majority of those cases that 
have come to necropsy in the acute or subacute phases of rheumatic 
fever. It may be present in most extensive degree, accompanying 
a widespread mediastinitis and pericarditis, productive of the class- 
ical signs and symptoms of acute pleurisy, and is then usually 
followed by effusion. It also may exist in small isolated patches of 
fibrinous exudate, usually over the lower lobes and to a lesser degree 
on the upper lobes. These smaller patches, as with similar lesions 
on the epicardial surface axe seldom detected by physical examina- 
tion. We are entirely in accord with Paul’s findings as 
frequent incidence of rheumatic pleurisy, and as it is not the su jec 
of this report the reader is referred to his article for its detaiiea 
description. 




Fig. 1 




Fig. 1. — (Case 1.) Low power; rheumatic pneumonia. The alveoli arc filled with 
blood and fibrin; the walls are thickened with inflammatory exudate (.4). 

Fig. 2. — (Case 1.) Hiph power, showinp interstitial infiltration, consisting mostly 
of endothelial cells and fibrin. Many cells are pyknotic. The cellular content of the 
alveoli is scanty. ( X 552.) 

Fig. 3. — (Case 1.) Dense infiltration, with obliteration of the alveoli. Note larpo 
basophilic cells, and Aschoff cells with two or three nuclei (.4). 






Pig. 4. — (Case 1.) Perivascular nodule of large basophilic cells (proliferative lesion). 
Note bulging of the lesion into the alveolus. ( X 552.) 

Fia. 5 . — (Case 1.) Shoiring earb’ necrotic interstitial focus. Note irreguhar con- 
centric arrangement of epithelioid cells (.4). 

Fig. G. — (Case 1.) An arteriole showing inrasion of the adventitia and media by a 
submiliary nodule (A). It does not reach the intima. ( X 552.) 




Fig. 7 



Fig. 7. — (Case 3.) Rhciimafic interslifial pneumonia. The alveolar walls are 
necrotic and are converted into broad irrcKular bands of fibrin (A). The infiltrating 
cells are the irregular epithelioid types. One giant cell is seen in the lower loft 
corner. The alveoli contain erythrocytes. 

Fig. S. — (Case 5.) Acute infiltration of irregular epithelioid colls and fibrin in the 
alveolar walls. Fibrin and serum fill the alveoli. 

Fig. 9. — (Case 5.) Hhcnmatic nodule in wall of pulmonary artery (A). Hyalinized 
and vascularized adventitia (B). 



Fig. 10 


Fig. 11 




Fig. 10. — (Case 6.) Unusually large nodule in rheumatic pneumonia, consisting 
of endothelial, epithelioid and polymorphonuclear cells. The adjacent lung tissue 
is completely consolidated. 

Fig. 11. — (Case 6.) Rheumatic pneumonia shou-ing Aschoff nodule (A), iiatli 
many of the alveolar walls converted into strips of fibrin. The alveoli are filled with 
fibrin and blood and some contain a few polymorphonuclears and endothelial cells. 

Fig. 12. — (Case 6.) Aschoff nodule in rheumatic pneumonia. 

Fig. 1.3. — (Case 6.) Typical Aschoff nodule in the alveolar wall (A). The adjacent 
interstitial tissue is invaded by epithelioid cells. The alveoli are filled with red 
blood cells and fibrin. 
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Patients with rheumatic fever, particularly if severe, may fre- 
quently exhibit a clinical picture suggestive of lobar pneumonia. 
This pulmonary involvement may. appear about the same time as 
do the acute cardiac disturbances; it is usually preceded by the 
appearance of artlu’itis, but certainly not in every case. The symp- 
toms common to acute rheumatic fever are, of course, seen with 
this pneumonitis. It does not depend apparently upon the presence 
of an upper respiratory infection, differing thus from the usual 
bronchopneumonia; it does not present the striking features of the 
classical picture of lobar pneumonia— chill, prolonged and high fever, 
rusty sputum, severe pleural pain and marked elevation of the 
respiratory rate. On the contrary, its symptoms are usually not 
spectacular; initial chill, heralding the pulmonary invasion, does not 
occur; cough may, or may not, be troublesome; it is productive of 
a scanty tenacious sputum, presenting no special bacteriologic 
findings; occasionally it may be blood streaked. The fever is 
irregular; it is often high (102° to 105° F.), reflecting the severity 
of the general infection. There is a moderate elevation of the 
respiratory rate. 

The physical signs assume a greater prominence than do the 
symptoms. Dullness to percussion and bronchial breathing are 
frequent and characteristic findings. They may be found at the 
bases in either lung, laterally in the axillary areas, or even in the 
upper lobes. One .entire lobe may appear to be involved; two or 
more areas may be consolidated at the same time. A striking feature 
in many cases is the transient character of the several consolidations, 
analogous to the course of the polyarthritis. In some cases the 
signs of consolidation may be prolonged as much as a week or' more. 
It usually lasts from 2 to 4 days. Consolidation may recur in the 
same area within a few weeks in unusually virulent infections. The 
signs of consolidation are often followed by dullness with absence 
of breath sounds due either to pulmonary collapse or pleural effusion. 
Sueh signs may persist for many days or weeks. Rales may or 
may not be present in the stage of consolidation. They are of vari- 
able quality and seldom, if ever, are heard in the same number and 
intensity as in lobar pneumonia. In the later stages, large and 
coarse friction rales are frequently heard and can be ascribed to a 
plastic pleuritis. 

The signs of consolidation, according to the best authorities, re]5- 
resent atelectasis rather than an actual pneumonitis. The statistics 
of Latham,, made over SO years ago, are in disrepute, being based 
mostly on unsupported clinical observation. That the striking 
pulmonary signs heard in these acutely ill patients are not caused 
solely by pleurisy has been the conviction of a number of observers. 
Bezan9on and A\eilh'’ and Goyena*^ employed the term “cortico- 
pleuritis” to indicate that a subpleural zone of congestion or 
inflammation existed together with the pleurisy. The lesion was 
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described as “spJenization” by Besnier,*^ e., not a real exudative 
lesion, but ratlier an intense hjTjeremia and edema with collapse 
and atelectasis of lung tissue. Coombs, the English authority on 
the pathology of rlieumatic fever, considered atelectasis and passive 
congestion as the chief lesions in the production of these signs. 
However, he mentions the possibility of consolidation appearing in 
in the right upper lobe, an area relatively immune from the com- 
plicating influence of cardiac failure. 

If a pneumonia does e.xist, is it a specific lesion? Garrod did not 
think so.® Occasionally lobar pneumonia, due to the pneumococcus, 
complicates acute rheumatic fever, and otlier infections have been 
encountered. Thayer,® reporting a series of 25 fatal cases of rheu- 
matic fever, noted terminal pneumonia or bronchopneumonia in 
50 per cent of tlie cases. Paul® noted that in more than half of 
30 cases, tliere were evidences of a focal hemorrhagic lesion, rather 
widespread, involving individual lobules or groups of lobules, which' 
might be interpreted as an early or hemorrhagic state of broncho- 
or lobular pneumonia. Certain atypical features were present, i. e., 
the extremely hemorrhagic character of the intra-alveolar exudate 
and a difficulty in isolating the commoner tj'pes of bacteria usually 
associated with bronchopneumonia. Although it seems to have been 
a fairly characteristic finding in his cases, he did not think that 
the evidence warranted its description as a specific lesion. He 
came to the conclusion that such a. lesion limited to individual 
lobules was insufficient to give rise to appreciable .areas of dullness 
to percussion and that the widespread physical signs were caused 
by other processes, notably pulmonary atelectasis and pleural 
effusion. 

Rabinowitz,^ in a recent discussion, concluded that a specific 
pneumopathy did occur, clinically distinguishable from lobar pneu- 
monia and from bronchopneumonia and that the ultimate proof 
of its existence would be made with the discovery of Aschoff lesions 
in the consolidated lung. 

The chief stumbling block in according tins rheumatic pneumo- 
pathy a specific status has been the absence of a precise pathologic 
description, which in turn depends on the fact that few cases of 
rheumatic fever die in the course of an acute attack, especially m 
the initial attack, where pulmonary changes are not clouded by 
the evidence of chronic cardiac failure that has been produced by 
successive attacks of the disease. _ ■ 

A study starting in 1927 of the pulmonary lesions in a small series 
of fatal cases of acute rheumatic fever has convinced us -that the 
clinical picture of consolidation depended upon the presence of a 
specific pneumonia or pneumonitis. It was specific in that the lesions 
w^ere essentially those characteristic of rheumatic fever elsewhere 
in the body and had developed in patients who had rheumatic 
fever rvith acute cardiac involvement. A preliminary report o 
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this lesion, hitherto undescribed as far as we know, was made at a 
meeting of the Philadelphia Pathological Society in December, 
1927d® Naish,^^ a short time afterward, described pulmonary 
lesions in rheumatic fever that are strikingly similar to those we 
then presented. 

This report is based upon the study of 9 fatal cases of acute 
rheumatic fever that presented pulmonary lesions. Six of the 
patients were from the Philadelphia General Hospital, 1 from the 
Presbyterian Hospital, another from the University Hospital, 
through the kindness of Dr. Baldwin Lucke, and the ninth case from 
the Jewish Hospital. 

Case Reports. Case 1. — ^A. N., a boy, aged 11 years, was admitted to 
the Philadelphia General Hospital on June 11, 1927, and died June 21, 
1927. For 2 weeks he had painful swelling of various joints. On admission 
the arthritis had largely subsided, but he was apathetic and toxic. The 
temperature ranged between 100° and 103° F.; the pulse rate was 120 to 
140 and the respiratory rate was 26 to 30; the leukocyte count was 19,000. 
Cardiac examination revealed a double murmur at the apex. There had 
been a previous attack of rheumatic fever 2 years before. On June 14 
there was noted a pericardial friction rub and a suggestion of choreiform 
twitching. On June 15 there was dullness and bronchial breathing over 
the left base, posteriorly. June 16 there was noted, in addition, dullness 
over the right base. On June 18 the choreiform movements became marked. 
The pulmonary signs were practically the same. The patient became very 
toxic, constantly tmtching and suggesting cerebral involvement. He died 
on June 21. 

Gross Morbid Anatomy. There was an acute pancarditis: mitral and 
aortic valvulitis, rheumatic myocarditis and fibrinous pericarditis. The 
outer surface of the pericardium, especially on its right aspect, was covered 
with a very thin fibrinopurulent exudate which also covered the adjacent 
mediastinal pleura?. Cultures from the pleural and pericardial exudates, 
the heart blood and lung tissue were sterile over several weeks. About 
300 cc. of fairly clear serous fluid were removed from the right pleural sac 
and about 100 cc. from the left. 

Lungs. The mucosa of the trachea and large bronchi was moderately 
congested. The peribronchial and mediastinal bonph nodes were enlarged, 
soft and edematous. Both lungs showed the same unusual changes. They 
were moderately enlarged, bulky and did not collapse. Thej'’ presented a 
rich variation in color: the lower lobes were solid and deep blue, which 
contrasted vdth the 3 'ellow or the grajish-white of the more aerated tissue. 
Smaller reddish-pink and brmvnish patches were scattered OA^er the entire 
pleural surface. On section the tissue was dark reddish-brovm in color. 
The surface of most of the cut section of the loAver lobe was firm, non- 
crepitant and unusually smoothes compared to the granularsurfacepresented 
in lobar pneumonia. The surface was fairlj’' dr}"" in its most airless portions, 
but somewhat edematous toward the outer part of the lobe. Blocks of 
tissue from these hea^der portions of the lower lobes sank in water. This 
infiltration differed from an ordinar}’’ lobar or lobular pneumonia b\^ the 
fineness or absence of the granularitj’, bj’’ a smooth liver-like consistenc.v 
almost resembling atelectasis, but without anj’’ gross evidence of collapse, 
the lungs remaining bulk 3 ^ On detafied inspection a verj' fine grajnsh 
lattice Avork, outlining lobules, AA'as noted. 

Pathologic Histology. A number of sections taken for histologic studj- 
shoAv an acute inflammation of the lung tissue, which manifests itself as 
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an interstitial cellular infiltration and an alveolar exudate. The interstitial 
im'olvement is the more significant of the two (Figs. 1 and 2). 

The alveolar walls are tiiiclcened because of capillarj'^ congestion, edema 
^d cellular exudate. These lesions are not uniform in their distribution. 
The interstitial tissue sometimes appears slightly prominent because of 
capillary congestion; in other places it k markedly thickened by cellular 
infiltration, coalescing in many places into dense aggregations. In such 
areas the alveolar walls have disappeared and the normal lung architecture 
is obliterated (Fig. 3). Fibrin, in a liberal amount, appears witlun the 
infiltrates. These cellular collections, wiiich are often of nodular or semi- 
nodular appearance, seem to start in perivascular locations, gradually 
radiating out into the interstitial spaces. Practically all are in intimate 
relationship with bloodvessels, large or small (Fig. 4). The edematous and 
fibrinous qualitj'’ of this perivascular infiltration is striking. 

The cellular complexion of these lesions is not constant. Most prominent 
are large, deeply stained cells, with vesicular nuclei, often multinuclear and 
markedly basophilic (Figs. 3 and 4), sometimes comprising the larger part 
of the exudate. One also notes a varying number of plasma cells, Ijunpho- 
cytes and an occasional polymorphonuclear. Fibrin and detritus help 
complete the picture. The large cell with vesicular nucleus, described here 
stained with meth 3 i p 3 monin stain (Pappenheim stain), show3 a reddish 
cytoplasm. These cells are knoivn in the submiliary nodules of rheumatic 
fever as the Aschoff cell; their origin from the lining endothelium of small ' 
bloodvessels is accepted by many and they will be referred to in this report 
as endotbelioid cells. 

In other fields one notes a fairly large cell, not quite the size of the large 
Aschoff cell and with an irregularly shaped nucleus that is very deeply 
stained. The C 3 '’toplasm show's a basophilic reaction. The shape of the 
nucleus may be rougIil 3 ’’ oval or comma shaped, or sometimes triangular 
or arrow shaped. These cells are seen side b 3 ' side with the larger cells and 
in some areas almost to the exclusion of the latter. 

There is also seen a more slender and elongated and much more irregular 
cell, almost all nucleus, identical in appearance with the epithelioid cell of 
a tubercle. They very probabb' have an endothelial origin in common 
with the other cells described, but their difference in appearance and 
manner of deposition should be emphasized. In this report they shall be 
referred to as epithelioid cells. Thty are seen best in the small focal lesions, 
apparently very early foci, in which the giant cells are not present. There 
is a central necrosis composed of fibrin, swollen and broken up connective- 
tissue fibers, into which these epithelioid cells infiltrate. Together with 
the larger solidly nucleated cells the 3 ’’ frequently present a concentric 
arrangement around the center of the lesion, or their grouping ma 3 ' present 
ring-shaped or rosette-shaped figures (Fig, 5). There is a superficial resem- 
blance of these lesions to a tubercle, but there is one essential difference— 


the tubercle is avascular. 

The alveoli are filled with serum and blood w'here the mflamniatory 
process is most acute. The alveolar contents vary directly in amount watii 
the degree and acuity of thp interstitial involvement. In general me 
cellular constituent of this alveolar exudate is scant)'. _ The lining epi- 
thelium is desquamated and often no other cells are seen within the air ^cs. 

Cellular prolongations of the interstitial infiltration are seen pusftmg 
their way into the alveoh, and so these large cells and accoropanj'ina 


However, this whole pathologic picture is characterized weir absence or, 
at best, their scantiness. They are present in modest numbers m me sm. 


foci of necrosis. 
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The bronchial branches show no evidence of mucosal inflammation but 
most of the bronchioles do show a peribronchial cellular infiltration of the 
type described above, with increased vascularity and edema. This infil- 
tration may surround the whole tube or invade it locally in seminodular 
appearance. 

Sections of the pleura show no exudate or very little. Sections from 
the mediastinal pleura have not been included. In most places the endo- 
thelial surface is intact. The subpleural tissue, however, is thickened from 
cellular infiltration, invading and obliterating the subpleural alveoli. 

The bloodvessels throughout the lung are congested . Perivascular edema, 
even around the capillaries, is marked. Although many of the vessels are 
packed with erjdhrocytes, no definite thrombi are noted. The smaller 
vessels, arterioles and venules show a marked endothelial hyperplasia. 
The capillaries and lymphatics occasionally show this as well. The peri- 
vascular infiltration at times appears contiguous with the cells of the 
capillarj’- endothelium, gmng the impression that these large cells are of 
endothelial origin. In the walls of the larger vessels there are occasional infil- 
trations extending into the adventitia and media (Fig. 6). They do not 
appear in these sections to invade the intima nor to reach the endothelial 
surface in the large bloodvessels. Weigert stains do not show any definite 
destruction of the elastic fiber in these larger vessels, but damage is found 
in many smaller vessels. 

Summary. The histologic study of these lungs showed an acute 
interstitial inflammatory process, characterized by hyperemia, 
edema, and a perivascular infiltration of large endothelioid cells, 
multinuclear giant cells, plasmocytes, lymphocytes and relatively 
few polymorphonuclear leukocytes. The staining and general 
appearance of the endothelioid and giant cells are identical with those 
found in the Aschoff lesions occurring in the myocardium of the 
same patient. 

Case 2. — ^F. R., male, aged 19 years, was admitted to the Philadelphia 
General Hospital on June 6, 1927, to the service of Dr. J. C. Small; he died 
June 28, 1927. At the age of 13 years he had an attack of rheumatic fever 
which confined him to bed for S months. The chief complaints on entering 
the hospital were joint pains, dyspnea and profuse sweats. The heart was 
enlarged and its action irregular. There were douljle aortic and mitral 
murmurs and a Corrigan pulse. On June 14 distant breathing sounds and 
moist r&les were heard over the right lung, anteriorly and laterally in the 
third interspace. On June 15 a pleural friction rub at the right base was 
noted. The rales had disappeared within 2 days but the breath sounds 
remained distant and were accompanied by coarse friction sounds. The 
cardiac disease and pleurisy were the outstanding clinical manifestations. 
Death occurred from heart failure. 

Gross Morbid Anatojny. Both pleural sacs were partially obliterated by 
numerous, rather easily broken fibrous adhesions, which provided saccula- 
tions, especially at the bases, and were filled with slightly turbid fluid, 
about 50 cc. from each side being recovered and cultured vith negative 
results. In some sacculations the fluid was almost gelatinous. 

The lungs, heart, trachea and esophagus were removed cn masse. The 
peribronchial and mediastinal Ijinph nodes were soft and edematous but 
not much enlarged. The i)ericardial sac was completely obliterated by 
fibrous adhesions. There was marked acute exopericarditis manifested by 
violaceous hj*]ieromic patches, without purulent change, extending to and 
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involving the right mediastinal pleura. The heart was greatly enlarged 
and showed aortic and mitral vahmlitis and sclerotic infiltration of the 
ventricular membranous septum. 

The left lung weighed 380 gm. It was of the normal grayish-pink color 
and air-contaimng throughout, e.vcept at the base where collapse had 
occurred. The pleural surface was covered with edematous fibrous adhe- 
sions, The lower lobe, posteriorly, showed an acute fibrinous pleurisy. 
There were many h 3 'pereniic areas with the pleural surface graj’" and trans- 
lucent, through which very small subpleural nodules could be seen. There 
were_ no areas of definite consolidation. On section the lung tissue was 
graj-ish-red and crepitant, except for the atelectatic zone at the base. No 
pus could be squeezed out of the bronchioles. 

The right lung weighed 350 gm. It was similar to its fellow, shomng 
the same t3’pe of pleural pathology, areas of localized hyperemia, an absence 
of bronchial inflammation and consolidation, but showing also some basal 
atelectasis. 

Pathologic Histology. The pleura is thickened by a cellular infiltration 
that is accompanied in some areas bj^ edema and in other areas by a hj'aiine 
fibrosis. The infiltration consists mainly of large mononuclear cells, with 
vesicular basopliilic nuclei and cidoplasm. They are diffusely and densely 
distributed, the only suggestion of localization being around small blood- 
vessels, whose wails are lined bj' the same tj'pe of cell seen tlwoughout the 
tissue. Ljonphocytes occur in smaller numbers. Pob'^morphonuclears are 
present, but only in the fibrinous exudate on the pleural surface. Giant 
cells appear occasionally. 

This endothelioid infiltration extends down into the undorljdng lung 
tissue, gradually fading out, giving a distinct thickening of the interstitial 
walls, blending into the atrophy of emphysema. A few irregular epithelioid 
cells are also present. Some of the subpleural fibrous tissue is verj' much 
swollen, resembling acutely hyalinized fibers. They are swoUeu, broken up 
and in^trated by these large endothelioid cells. The alveoli contain no 
exudate and only slight desquamation of epitheb'al cells appears. 

The large bloodvessels do not present any abnormalities. They are con- 
gested, but do not show anj'’ thrombus formation. The smaller vessels 
exhibit tMekened walls and, especiallj' in the areas where the cellular changes 
are most marked, an extraordinary degree of hyperplasia of the endothelium- 
Occasionallj^ "Herzfetder” cells are seen in the tissues and a few in the 
alveoli. 

Summary. Acute and subacute pleurisy; subacute and chronic 
interstitial subpleural pneumonitis; basal atelectasis. 

Case 3, — ^E.H., a wln'te girl, aged 15 years, entered the Pfailadelpln'a 
General Hospital on the sersdee of Dr. McLean on June 2, 1928. She had 
been treated in a tuberculous clinic for 3 montlis because of fever and 
blood-streaked sputum. On admission the patient was found 
tremely weak, thus preventing a thorough physical examination. She had 
marked anemia, a leukocytosis, an enlarged heart ndth signs of mitral 
vahmlar disease, a mild icterus and an enlarged, tender liimr. There was 
a history of chorea and growing pains 3 years ago. In the lung examination 
the resident phj'sician found posteriorly, in both lower lobes, duiln^ on 
percussion, distant breath sounds and a few fine crackling rales. Deatn 
occurred on June 5, 1928. Diagnosis: myocardial degeneration and anemi^. 

Gross Morbid Anatomy. Heart: hjqiertrophy and dilatation and rneu- 
matic pancarditis. There was an acute verrucal endocarditis of the aortic 
valvCj a mitral stenosis, characteristic left auricular pathology ana a 3 
degeneration of the myocardium. Pericarditis was not present. 



GOULET, EIMAN: PATHOLOGY OF RHEUIMATIC PNEUMONIA 367 

The left lung -weighed 530 gm., the right lung 520 gm. Both lungs sho-wed 
the same unusual changes. They did not collapse but remained bulky. 
The lo-wer lobes contained large consolidations, occupying their larger part 
and extending up to-ward the hilum. These areas were of a dark-blue color 
and quite sharply outhned against the surrounding aerated tissue, The 
lo-wer part of the upper lobes contained similar firm and dark blue infil- 
trations along the interlobar fissure, but the apical portions were pale and 
emphysematous in marked contrast and were spotted and splotched by 
small, bluish-red foci of hemorrhage. The pleura showed no changes except 
a slight dullness over the consolidations. In these locations there was noted 
a thickening of the lymphatics and interlobular partitions, which formed a 
prominent grajdsh-wMte network. The lower lobes, on section, showed 
well-demarcated areas which were solid, brownish-red in color, with a 
finely granular surface and -without any points of suppuration. The imme- 
diate basal areas of both lungs were comparatively normal. The bronclii 
showed a moderate congestion -with .a swollen mucosa, but no exudate; the 
peribroncliial lymph nodes were moderately edematous and the larger 
bloodvessels had no gross lesions. 

Pathologic Histology. The striking features are the prominent interstitial 
infiltration of cells and the accumulation in the alveoli of large amounts of 
fibrin and many “Herzfehler” cells. The pleura is normal. The interstitial 
thickening of the walls is quite diffuse, but in many places the cellular 
infiltration is heavy enough to assume nodular or seminodular shapes. 
The background for the hyperplasia often appears to be a collection of 
fibrin and necrotic material around tiny apertures of bloodvessels. 

The predominating cells are medium sized, long or oval-shaped mono- 
nuclear cells. They may be designated as epithelioid cells and have little 
or no cytoplasm. Many of the nuclei are hyperchromatic and take very 
irregular shapes, e. g., arrow-, club- or comma-shaped. The irregularity pf 
these nuclei is a striking feature. Their presence is associated -with necrosis. 
The alveolar walls are converted into broad irregular strips of fibrin (Fig 7). 
Weigert stain shows a complete loss of elastic fibers in these swollen alveolar 
walls. In many places there are large numbers of these epithelioid cells 
deposited indiscrimately, and again in other places they present a concentric 
arrangement around small bloodvessels, the lumina of which are partially 
obliterated. A number of broken-down pol 3 Tnorphonuclears are seen in 
these infiltrations, especiallj’- where necrosis appears. Some large multi- 
nucleated giant cells are seen in the large seminodular collections and a 
few lymphocytes are noted. 

The larger vessels show a marked endothelial h 3 '^perplasia. Man}’- of the 
small vessels are partially obliterated by this process. 

Other sections emphasize the intense interstitial infiltration collapsing 
the alveoli, except where they contain some exudate. This is not primaril}-- 
an atelectasis, in that where the alveoli are maintained by the presence of 
their contents, their thick walls are shown to excellent advantage. The 
alveoli contain “Herzfeliler” cells, fibrin and the remains of red blood 
cells. The bronchi are normal. 

Summary. This lesion is an inflammatory process in the lung 
tissue and not passive pulmonary congestion. This will be taken 
up in the discussion. 

Case 4. — M., a colored girl, aged 16 j'ears, entered the Presbjderian 
Hospital March 21, 1927, on the service of Dr. Pemberton. Two j'ears 
before she had had an attack of acute rheumatic fever Avith joint pains, 
precordial pain and hemoptysis. Tonsillectomj’ Avas performed in Maj', 
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1926 followed by intermittent joint pains. Three weeks before admission 
^ic developed an acute pol 5 ^arthritis, a heavy cough and blood spitting. 
Temperature on admissioii was 105'’ P.; tlie leukocyte count was 17,300. 
Physical examination showed an acute pharyngitis and signs of broncho- 
pneumonia, scattered areas of dullness and rales in both lungs, posteriorly. 
The heart was enlarged and a presystolic murmur was heard at the apex. 
Death occured on March 28, 1927, due to heart failure. The clinical diag- 
.nosis was rlieumatic fever and acidosis. 

Gross Morbid Anatomy. The heart was markedly dilated. There was an 
increased amount of pericardial fluid, hemorrhagic and containing fibrin. 
There was a verrucous valvulitis of the aortic, mitral and tricuspid valves 
and a fatty degeneration of the myocardium. The left pleural sac contained 
about 30 cc. and the right pleura 100 cc. of fluid, clear and amber-colored. 
The pleural surfaces were smooth and glistening. The left lung weighed 
650 gm. There was no crepitation, posteriorly, over the lower two-thirds. 
The color of the lung was mottled, pale pinldsh, nuth irregularly-scattered 
areas of slate blue, the largest blue area being posteriorly in the lower lobe, 
measuring 9.5 by S cm. These areas contained no air, they were rather 
leathery in consistency and the cut surface was smooth, glistening and 
brownish-red in color. In contrast there was an area in the upper lobe, 
yellowish, granular and sohd, presenting the aspect of ordinary lobar pneu- 
monia. There were, in this case, 2 distinct tj'pes of consolidation. The 
right lung weighed 660 gm. It exhibited the same lesions as its fellow, 
except that the involvement bj’’ both the slate-blue and the pneumococcic 
consolidations were not as extensive. 

Pathologic Histology. Section I (from the blue areas of infiltration). 
The lung tissue is filled with edema. The interalveolar tissues are thick- 
ened by a cellular exudate, consisting of irregularly-shaped cells, with solid 
nuclei, together with broken-dmvn pol 3 ’morphonuclears and fibrin. There 
is an occasional very large basophilic monuclear cell and a couple of giant 
cells are noted. The infiltration is thin but widely^ diffused. There are 
many small perivascular collections of cells. There is some peribronchial 
infiltration by these cells; the other bronchi appear altogether normal. 
The histology here is not as spectacular as in Cases 1 and 3, but is charac- 
teristic. The cellular infiltration is nonsuppurative but consists of cells, 
the exact copy of which are present in undoubted rheumatic lesions of the 
rajmeardium in the same patient. 

A section from the jmllowish-red, granular consolidation of the upper 
lobe shows, in contrast, the beax’y uniform alveolar exudate of pcljunorpho- 
nuelears and fibrin that characterizes the graj" hepatization of lobar pneu- 
monia. The alveolar walls are thin and the capillaries are compressed, 
There is comparatively no interstitial exudate. 

Summary. Acute interstitial rheumatic pneumonitis and pneumo- 
coccus pneumonia, involving different lobes of the same lung. 

Case 5. — C. Y., a Siamese student, aged 19 years, was admitted to 
the University Hospital on the sendee of Dr. Stengel on Febrary 2d, 
1928. He had an attack of acute rheumatic fever in August, 1927^, con- 
fining him to bed for 2 weeks. Mitral stenosis subsequently deyelopea. 

A toBsillectom}^ was performed in December, 1927, In Febr^r 3 ’’, 1928, he 
bad another attack of joint pains, d 3 'spnea, cough and fever. On admission, 
ph 3 'sical examination revealed an enlarged heart, mitral stenosis and passu e 
congestion of the lungs. The leukocy^te count was 19,000. He ran an 
irregular fever for 2 weeks; had a short remission and then had a proJongeci 
fever; pericardial friction was present from time to time. I here was a 
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progressive downward course and he died on May 9 from cardiac failure. 
Clinically, the lung signs were interpreted as being due to passive congestion. 
The necropsy was performed by Dr. Baldwin Luck6. 

Gross Morbid Anatomy. Heart: acute pericarditis; recent rheumatic 
endocarditis of the mitral, aortic and tricuspid valves. Lungs: lobular 
pneumonia. The gross description by Dr. Lucke is as follows: The left 
lung weighs 500 gm. ; the right, 800 gm. Both organs were of average size 
and had a very colorful appearance. The basal lobes and areas of the upper 
lobes are bluish; the others have a pink, still others a dull -red appearance. 
The basal lobes, particularly in their posterior portions, feel firm. The 
rest of the tissue had a boggy consistency. Here and there the pleural 
surfaces, particularly over the basal lobes, were somewhat dull, but there 
was scarcely any fibrin visible. The cut surface of the basal lobes showed 
large patches of gra}nsh-bro\vn, bluish and dull red, finely and coarsely 
granular consolidation, between which lies heavil}'- congested and edematous 
lung tissue. The consolidations are mostly along the posterior wall and 
the bronchi have normal caliber. Their mucosa in places was deeply red- 
dened and swollen. Frank pus was nowhere present. 

Pathologic Histology. The pleural tissue was prominently thickened, not 
by superimposed exudate, but by edema, congestion, hemorrhages and a 
cellular exudate in the subpleural tissue. One notes large, irregularly-shaped 
cells, occasionally multinucleated. They maj’- streak dilfuselj’’ through 
the fibrous tissue, but their perivascular distribution is striking. The sub- 
pleural bloodvessels are tremendously dilated and some of them are the 
seats of hemorrhage. They show a marked hyperplasia of the endothelial 
lining. The endothelial layer of cells that constitutes the pleural surface 
is mostly intact. It is broken up in some places and there has been an 
eruption of fibrin and cells out on the surface. _ 

The lung tissue presents a number of striking features. Although the 
alveolar walls are slightly thickened throughout by a mild increase in 
cellularity and edema, their undue prominence is caused by focal peri- 
vascular infiltrations, consisting of the large, deepl3’’-stained cells described 
previously, accompanied by fibrin and endothelial hj^ierplasia of blood- 
vessels. These large cells have a basophilic cjToiDlasm and are often multi- 
nuclear. Such larger collections, with the exudative features predominating 
over the destructive or necrotic, are characteristic of the Aschoff type. 

Again one notes the slender, ver3’' irregular epithelioid cells often massed 
in small collections and their long axes radiating from some central point 
or approaching rosette formation, or again totall3’^ irregular in their dis- 
position (Fig. 8). The alveoli are almost universall3'- filled vdth serum, 
fibrin and blood. 

There are large areas of infarcted tissue, the appearance of which, how- 
ever, is ver3'- different from that of ordinary infarction. ^ATiile the tissue 
is flooded with blood and the alveolar lining cells are destro3'^ed, the inter- 
stitial tissue is tremendous^’’ thickened b3’^ fibrin and cellular exudate. 
These new cells have retained some degree of viabilit3^ Man3^ of the 
. nuclei are broken up, but the3’’ possess enough staining to indicate that 
thev are the same t3iie of cell seen in the noninfarcted areas. Together 
vdth fibrin this exudate has caused tremendous thickening of the alveolar 
walls in contrast to the skeletal framework left behind in ordiuar3' lung 
infarction. In and around the infarction, one notes numerous earl3" focal 
necrotic lesions. 

A large bronchial tube is filled with blood; the mucosa is intact. There 
is no evidence of suppurative inflammation but the capillaries of the sub- 
mucosa are dilated and there is a rich infiltration throughout the bronchial 
wall of the perivascular, seminodular, endothelioid exudate seen throughout 
the lung. 
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Many of the bloodvessels, large and small, show a tremendous thickening 
of their ivalls. (Note: This patient was only 19 years old.) In many 
the adventitia and periadventitial tifesue are thickened by hyalin fibrosis! 
Some of them exhibit acute or subacute foci involving one or all tliree of 
the vascular layers (Fig. 9). 

Some of the larger branches of the pulmonary artery are partially, and 
others entirely, occluded by what, on superficial examination, might pass 
for ordinary organization of thrombus; but there is no thrombus, no trace 
of blood pigment to be seen, and the new intravascular tissue is distinctly 
inflammatory in tj^ie, rather than mere organization. One notes a rather 
loose edematous collection of fibroblastic tissue, containing many small 
capillaries, congested and hemorrhagic, surrounded by cellular exudate, 
large irregular cells, epithelioid cells and ]3Tnp]ioc.ytes. 

Summary. This case presented an acute inflammatory process in 
both lungs— interstitial, perivascular and practically nonsuppura- 
tive, with tj^rical Aschoff cells and not associated with inflammatory 
changes of the bronchial mucosa. On gross inspection, what 
appeared to be an example of this unusual consolidation, was found 
to be complicated by infarction. Obliterating rheumatic arteritis 
contributed to tlie formation of this infarction. 

Case 6. — W. M. S., a colored girl, aged 17 ye&rs, entered the Philadelphia 
General Hospital on Julj' 9, 1928, with an acute poij'artliritis. She gave a 
vague historj'' of previous attacks of rheumatic fever; salicylate therapy 
was instituted, but her condition became worse. There was always marked 
tachj'cardia, although the joint sjunpioms subsided temporarily. On 
August 15 the patient was transferred to the service of Dr. _J. C. Small, 
with a diagnosis of mitral endocarditis, pericarditis and recurring arthritis. 
Serum therapy was started. The temperature ranged from 98“ to 103“ F, 
and the pulse rate was 100 to 170. The white blood cell count was 19,000. 
The course was progressively downward. On August 22 an impaired per- 
cussion note was noted, noth diminished breath sounds and some di^’' rales 
from the fourth interspace to the base of the right lung. The respiratory 
rate was 28; the pulse 130 and the temperature 101° F. By August 31 
aU the signs of rheumatic pneumonitis had vanished. On September l7 
and 18, and at later times, there were, attacks of auricular paroxysmal 
tachj'cardia. On October 2 rSles were noted in both lungs, but especially 
in the right middle lobe and associated with tubular breathing. On October 
10 there were signs of consolidation in the lower left lobe. On October 11 
bronchial breathing and egophonj’" were heard in both lower lobes, pos- 
teriorly. The intensity of the signs in the right lung lessened Mtliin two 
days. Again on October 29 there were signs of consolidation over the lower 
halves of both lungs. Parotitis and nephritis developed and the patient 
died on November 4. The clinical diagnoses were rheumatic pancarditis, 
with hepatic congestion, nephritis and bronchopneumonia. 

Gross Morbid Anatomy. The autopsy (Dr. E, Weiss) revealed a subacute 
and chronic adhesive pericarditis. The valve structures were apparently 

The description of the lungs is as follows: "The right lung weighs 4fi0 gm. 
The upper lobe is voluminous and pinkish-red in color. The lower lobe is 
smaller, firm and almost entirely solidified. On section it is da* red in 
color, noth areas that are granular in appearance and resembling broneno- 
pneumonia of some duration.” We examined these lungs tlf 
Mndness of Dr. Weiss and found that the lower lobes were solid, dark rea 
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in color, and in many areas showed a very thin fibrinous dulling of the 
pleural surface. On section there was noted a consolidation with a finely- 
granular surface, dark red in color and of rubberj’’ consistenc3^ There were 
also small, grayish-red, firm areas and granular, apparently bronchopneu- 
monic, although no fluid pus was noted. There was no suppuration in 
the bronchial tree. 

Pathologic Histology. The pleura is moderately thickened by_a fibrosis; 
the subpleural capillaries are congested. The pulmonary lesion is not 
uniform. In some fields the alveoli are partially aerated and contain small 
or moderate numbers of erythrocytes. Their intra-alveolar walls are thick- 
ened by congestion and small isolated groups of endothelial cells. Epi- 
thelioid cells and smaller round cells are noted. The strildng features are 
large foci scattered throughout the section, superficially resembling abscess 
formations (Fig. 10), nodular and some so large as to nearly occupy the 
entire low-power microscopic field. Others are much smaller, occupying 
an area the size of one or two alveolar spaces. They do not have regular 
contour. In some places a tendency to demarcation is present, but it soon 
is lost in a gradual extension into the surrounding lung tissue by infiltration 
along thickened alveolar walls and by gradually thinning out in various 
directions. Other areas show lung tissue consolidated by tremendous out- 
pouring of red blood cells and fibrin into the alveoli. The cellular exudate 
witliin the alveoli is scanty except where the interstitial infiltration has 
heaped up and “poured” out into the alveoli, through broken-down walls. 
Marked fibrinous thickening and degeneration of alveolar walls is notable. 
In some places this fibrinous infiltration is so marked and homogeneous, 
accompanied by occlusion or obscuration of the capillary, that the alveolar 
walls have the appearance of strips of ribbon (Fig. 11). 

The interstitial cellular infiltration is the same as noted in previous cases, 
except that the nodule formation assumes unusual prominence, equivalent 
to or greater than that seen in the great majoritj'' of acutely rheumatic 
hearts. These focal lesions are of various sizes, ranging from the very 
small but definite Aschoff collections (Figs. 11, 12 and 13) to the very large 
lesion that occupies the larger part of microscopic fields. The large nodules 
consist of densely-packed endothelioid cells, poljTnorphonuclears, round 
cells and detritus. Many cells apparently'’ have broken up and the original 
lung tissue has been replaced by a background of fibrin. The picture is 
very suggestive of an acute granulomatous lesion. It was seen grossly as 
a small grayish-red nodule and was then interpreted as being an indurated 
or “clu-onic” bronchopneumonia. In one field a bronchial branch is seen 
partially filled with this cellular exudate, which is an extension of a large 
adjacent nodule. This appears to be an infiltration of a bronchiolar wall 
with local destruction. The remaining portion of the wall presents a normal 
appearance. The smaller nodules are tj'pical rheumatic lesions, containing 
the various cellular elements that have been described. The giant cells 
with two to three nuclei are seen in most of the nodules. Polyunorphonu- 
clears, while numerous in the large granulomatous lesions, are relatively 
few in the smaller collections and tlie diffuse interstitial exudate. The 
bloodvessels show the same adventitial and medial infiltrations as seen in 
the pre\'ious cases. 

Summary. Acute interstitial rheumatic pneumonia. 

Case 7. — R. S., a white girl, aged 17 years, was admitted to the Phila- 
delphia General Hospital on the medical service of Dr. A. A. Stevens, with 
soreness over the entire body. The patient Avas a nonnal child until 3 years 
ago, when, at the age of 13 years, she had an acute illness characterized by 
fever, chills, sore throat, excessiA'e sweats and pain in all joints of the body. 
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She was confined to bed for several weeks. When she recovered from this 
acute attack she was left in a verj’- nen^ons state and frequently had twitch- 
ing of various parts of the body. The diagnosis was St. Vitus’ dance. 

.Six- weelcs ago, while coining from Scotland, she began to feel badly and 
to have slight sore throat; tuntching continued intermittently. Three weeks 
ago she was again forced to bed with chills and fever and a severe sore 
throat. She again noticed pain and stiffness in her neck, followed iix a few 
days by pain in both knees, both ankles and right shoulder. She has been 
very short of breath since the onset 3 weeks ago. 

Physical examination shouted the presence of a severely to.xic infection. 
The heart w^as considerably enlarged; a presystolic rumble, a harsh mitral 
murmur and irregular rhythm were noted. The latter varied between a 
flutter and a fibrillation of the auricles. A mild icterus was present. The 
W'hite blood cell count was 13,900. The blood culture was sterile. Diarrhea 
became a troublesome siTOptom. Progressive cardiac enlargement was 
noted, follow-ed by hepatic and splenic enlargement. Two days before 
death the patient complained of great pain over' the precordium and in 
the right chest. Apparently no physical signs were elicited; the critical 
condition of the patient prevented a more adequate examination. 

Gross Morhid Anatomy. Autopsy (Dr. G. Eobson): Gross anatomical 
diagnoses were; obliteratii-e pericarditis; chronic mitral and aortic endo- 
carditis (rheumatic) ; pneumonia (rheumatic tj^ie) of the right limg. Dr. 
Robson’s gross description of the lungs is as follows: “The left lung weighs 
365 gm. The pleural surfaces w'ere normal. The lung is crepitant through- 
out and on section the surface is not e.xcessivel}'' bloody. A few small reddish 
areas of solid .consistency are present in the lower lobe. The right lung 
weighs 590 gm. A large portion of the lower and a small part of the upper 
lobe were consolidated. On' section these portions of the lung have a 
reddish, fleshy appearance and were nonair-containing. The appearance, 
while resembling atelectasis, does not seem to involve collapse of the lung 
and suggests some type of acute pneumonitis.’’ 

Pathologic Histology. A section from the right lower lobe shows a con- 
solidation of the lung tissue. The pleura is not included. Most of the 
consolidation is caused by the filling of the alveoli with serum, fibrin and 
hemorrhage. Manj'^ of the alveoli contain no cellular infiltration or very 
few^ cells, there being an occasional phagocjde and desquamated epithelial 
cell. In many areas the alveolar hemorrhage is marked. In contrast to 
the slight cellular infiltration in the alveoli, one notes an undue cellulanty 
in the alveolar walls, variable in intensity. It is moderate throughout most 
of the section, consisting of small collections of very irregular, usually oval 
or comma-shaped, medium-sized and deepls'-staining cells, often in and 
around a necrotic area with a background of fibrin. Many of these small 
groups of cells are collected around congested capillaries. There are m 
addition large areas densely cellular, so that in lower magnifications the 
original lung architecture is made out with difficulty. One of these larger 
infiltrations is perivascular, spreading from a large branch of the pulmonary 
arterjq out into the surrounding lung tissue in an interstitial manner, but 
the alveolar walls are so thickened by the new cells and by edema that the 
alveolar spaces are often compressed or collapsed. . 

The tjqie of cell has been described; irregular, elongated, deeply staining, 
noth little or no cjdoplasm and accompanied by small, round celis and 
occasional pol 3 Tnorphonu clears. A few large byperchromatic cells are 
present, but the multinuclear giant cells are not seen. 

The bronchi show no definite change. The larger bloodvessels show a 
surrounding zone- of edema, invaded by numbers of the new cells. A lew 
alveoli, three or four, are densely packed mth polymorphonuclears. 

Summary. Interstitial I’lieumatic pneumonia. 
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Case 8. — D., a white woman, aged 48 years, was admitted to the 
medical service of the Philadelphia General Hospital on July 5, 1928 with 
the complaint of pain and swelling in the ankles and wrists. The onset 
occurred 2 weeks before with pain in the metatarsal joints. On June 28 
the anldes were involved, and on July 4 the left wrist and fingers were 
swollen and painful. Fever and anorexia accompanied the arthropathj'-. 
The past medical history consisted of measles in cliildhood, anemia from 
the age of 15 to 20 years and influenza in 1918; since that time there have 
been repeated attacks of tonsillitis. Dyspnea, palpitation and occasional 
edema of the ankles have been noted as transient attacks for the past few 
years. There has been no previous history of rheumatic fever and no history 
of precordial or chest pain. One sister had many attacks of rheumatic 
fever. Three children died in early years of infection, apparently unrelated 
to rheumatic fever. 

Physical examination on July 5 showed a painful swelling of many of 
the larger joints, particularly the wrists and anldes, making movement 
impossible. She had a fever of 101° F. and a pulse rate of 100. The tonsils 
were enlarged and infected. Marked venous pulsation was seen in the 
neck. Lung examination was negative. The heart was enlarged, especially 
to the left; the rhythm was regular and a rough systolic murmur was heard 
at the base. Treatment was followed by no definite improvement. On 
July 13 a cardiac irregularity developed. July 18 the patient was trans- 
ferred to Dr. Small’s rheumatic fever service. A consolidation, as indicated 
by bronchial breathing and dullness, was found in the base of the right 
lung. Serum therapy was tried, but without avail. Fibrillation, cyanosis 
and abdominal distention developed and the patient died on July 23. 
Laboratory data: Red blood cells, 3,700,000; with blood cells, 17,000; 
hemoglobin, 3.2 gm. A throat culture was positive for streptococcus 
cardioarthritidis. Blood culture was negative; blood urea nitrogen, 16. 

Gross Morbid Anatomy (Dr. Konzelman). The heart weighed 790 gm. 
and presented a typical rheumatic pancarditis. The aortic valve was 
stiffened by previous disease and a recent verrucous endocarditis. The 
left lung weighed 390 gm. and the right, 650 gm. The lesions were much 
the same in both lungs but more pronounced in the right. The upper 
lobes were grayish mottled by black carbon deposit. The apical portions 
and the antoior edge seemed overdistended and paler. The remaining 
part of each lung was a bluish-red and at the base appeared slightly 
depressed. The entire lower lobes were a deep blue. Subserous petechia? 
were scattered over the entire surface and a few dark pea-sized nodules 
were seen on the pleural surface. Section shows the upper lobes to be gray 
and crepitant while the lower lobes were dark red and airless. The bronchial 
mucosa was pale red and smooth. Diagnosis: interstitial pneumonia. 

Pathologic Histology. There was an acute and subacute interstitial 
pneumonitis accompanied by marked capillary congestion. The cellular 
infiltration was sinular to those described in the preceding cases, except 
that it was more uniform and without the presence of distinct nodular 
formation. There was no poljmiorphonuclear invasion. In many places 
the alveolar walls were markedly thickened. The diminution in alveolar 
space might be interpreted as a partial atelectasis, but the pneumonitis 
was the predominant change. In the same fields many of the alveoli were 
distended by hemorrhage or edema, but no exudate. 

Case 9. — R. I., a jmung white male, aged 26 years, Avas admitted Jan- 
uary 13, 1931, to the Jevfish Hospital on the medical service of Dr. E. I. 
Becker, noth a diagnosis of lobar pneumonia and erap 3 'ema. He died on 
Januarv 16, 1931. One month before he felt chill}’- and then feverish. 
Soon afterward ho had several drenching SAveats and at the same time began 
to cough up a brownish sputum. With every cough there was a sharp pain 
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m the right side of the chest. This pain and expectoration gradually abated. 
For 2 weeks he had been moderately jaundiced. On January 12 he became 
extremely short of breath and his fever, which had been irregular and 
decreasing, reappeared. He was admitted to the hospital on the following 
day. He never had a sore throat and there was no joint inflammation in 
this attack. 

At the age of S years he had an attack of rheumatic fever. Five years 
before admission he w'as treated in another hospital for cardiac disease.' 
For many years he lias been somewhat short of breath. 

Phj'sical e.vamination revealed moderate jaundice. Respiration was 
rapid and shallow. Examination revealed a flat percussion note from the 
right base up to the fifth rib and an impairment from that level to the 
second interspace. The breath sounds over the right lower lobe were dis- 
tant and tubular. The left side was resonant and a few coarse rales were 
heard over the entire chest. The heart was much enlarged, Iroth to the 
left and right. Thrills were palpable over the aortic area and the whole 
right parasternal region, and to some extent at the apex. Blowing murmurs 
were heard at both the mitral and aortic areas. 

The patient was obrdously too ill for detailed examination. He was 
perspiring freely; cough wms not frequent and it was unproductive. He 
had no chill since the first part of his illness 1 month ago. His temperature, 
which on admission was 101° F., fluctuated between 98° and 102° F.; the 
pulse rate was 110 to 160 and tlie respiratory rate was 28 to 40. On Jan- 
uary 14 his condition appeared to be improved; marked impairment was 
limited to the right lower lobe and the temperature was nomal. Roentgen 
ray examination on tliis date showed “a consolidation at the right root and 
base, with a probable plastic pleurisy along the lateral aspect of the chest. 
There is no distinct evidence of fluid in the pleural cavity and, if present, 
is very scant. The left lung is clear.” On January 16 some elevation of 
fever wms noted. The phj^sical signs in the right lower lobe remained 
unaltered except for complete loss of breath sounds; rdles, previously infre- 
quent, were heard over the entire right lung and a few at the left base, 
where percussion was moderately impaired. Later, on that day, the patient 
became extremely dyspneic and cyanotic. Oxygen and stimulation did not 
help and death occurred rather quickly in a patient who on the previous 
day had shown considerable cKnical improvement. 

On January 13, 1931, hemoglobin was 74 per cent; red blood cells, 
4,000,000; white blood cells, 18,000; neutrophils, 86 per cent; blood sugar, 
0.125; blood urea, 20; blood culture was negative; sputum cultures, none 
(patient scarcelj’’ coughed). . . 

Gross Morbid Anatomy. Acute mediastinitis, involving the mediastmal 
pleurae and exopericardium, rheumatic pancarditis and widespread bilaL 
eral pneumonia were the salient features. The heart weighed 700 gm. and 
exhibited an acute fibrinous pericarditis over the base. The li 3 q)ertrophy 
was due to stenosis of the aortic, mitral and tricuspid valves. 

The spleen was enlarged, blackish-red and firm. It did not possess the 
pulp hypeiplasia of ordinary pneumonia. The liver was partially destroyed 
by a severe passive congestion. 

The left lung weighed 800 gm.; it was moderately enlarged. The upper 
lobe was aerated, gray in color, but spotted by foci of hemorrhage, ine 
lower lobe was consolidated and dark red in color. Section showed -this 
lobe to be entirely solidified, dark reddish-brown with occasional Me 
grayish markings suggestive of interstitial thickening. The granmantj 
was very fine and in some areas was lost. The lobe was moderately larger 
than normal. There was no sign of suppuration. The bronchial tree was 
moderately congested but showed no distinct inflammatory reaction, ine 
upper lobe was emphysematous and congested. 
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The right lung was consohdated in all three lobes. It weighed 1100 gm. 
and was moderately enlarged. It was dark reddish-blue and slate-colored. 
Over the lateral aspect of the lower lobe was a fibrinous hemorrhagic pleu- 
ritis. Section showed a complete solidification, dark reddish, with an almost 
smooth surface, fleshy and suggestive of the appearance of Arm, deeply 
congested splenic tissue. Some areas were rust5’'-brown in color. Fine 
grayish markings were seen occasionally as in the other lung, and the 
bronchi presented the same negative findings. The lymph nodes were 
dark and moderately edematous. Examination of the pulmonary artery 
showed throughout both lungs an extreme degree of atheromatous degen- 
eration. In the lower part of the right upper lobe there was a recent 
infarction. Section showed a laminated grayish occlusion of the arterial 
branch at the apex of the infarction. The appearance was suggestive of 
arteritis and thrombosis. All bacteriologic studies at necropsy were 
negative. 

Pathologic Histology. The pleura in numerous sections show a slight 
thickening, due to a moderate subpleural edema. There is no acute inflam- 
matory reaction, except over an infarction, where the endotheUum has 
been disrupted and a thin layer of fibrin deposited. 

The alveoli are filled with masses of red blood cells and fibrin. In some 
places there has been apparently a rupture of the alveolar wall followed by 
an overflow of blood. Practically every alveolus is involved. The lining 
epithelium is swollen and partially desquamated. Only an occasional white 
blood ceU is seen in the alveolar contents. The notable exception to tliis 
is the presence of large numbers of pigment-laden phagocytes in some 
alveoli. In contrast to the character of the alveolar exudate the interstitial 
tissue (interalveolar walls) is remarkably thickened. This change is seen 
throughout all fields, varying only in degree. Capillary congestion and 
hemorrhage and endothelial hyperplasia are seen in the least affected areas. 
The more frequent changes are a focal and also in many fields, a diffuse 
cellular infiltration of epithelioid cells, round cells and an occasional poly- 
morphonuclear. The number, dark staining and the irregular shape of the 
epithelioid cells are striking. Often they appear to be fragmented. Fibrin 
is. present in large amounts; some of the alveolar walls are represented by 
broad strips of fibrin, in which are found numbers of epithelioid or frag- 
mented cells. In such places a severe grade of necrosis is e^^dent. Weigert 
stain shows marked destruction of elastic tissue. Small nodular foci are 
scattered throughout; in some fields they have broken through the alveolar 
wall, projecting in bulbous collections into the alveolar space. Occasionally 
large nodules of the same type are found which obliterate two or even 
many alveolar spaces. A few nodular thickenings contain the larger Aschoff 
cells, including small giant cells with two or even three nuclei. 

Sections through the infarct of the right upper lobe show that the wide- 
spread interstitial and nodular infiltrations have not been entirely destro3"ed 
bj' the ischemia and are easilj'- recognized at the peripherj’’ of the infarction. 
Large and small branches of the pulmonary arter3'’ are completeb'^ filled or 
their lumina reduced to small channels b3’ an edematous granulation tissue. 
Other vessels show an acute arteritis and thrombus. One large branch in 
longitudinal section shows a large portion destro3’’ed b3’’ an acute, dense 
cellular infiltration that extends through the entire wall and fills a part of 
the lumen. The structure of the original three vascular la3'ers, including 
all of the elastic tissue has been destroyed. Another ve.ssel, where the 
inflammatory process is less advanced, is dilated and its thin wall is diffuseb' 
invaded b3' epithelioid cells such as are seen in the lung parench3'ma; a large 
sector of the media is destro3"ed and replaced b3’ fibrin. The tlwombus is 
invaded b3’’ epithelioid and round cells. Another large vessel, wliich was 
partial^' occluded b3' granulation tissue apparently the result of a preAious 
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inHawniatioi) , is heavily infiltrated by the same acute cellular process that 
was found in the lung tissue, the mediastinum and lieart of the patient. 
.jUI normal structure in tliis vessel, except a fibrous adventitia, has been 
obliterated. _ It appears that an acute recurring arteritis of specific rheu- 
matic type, is responsible for tlie infarction. 

Outside of the infarcted area the smaller vessels all have some degree of 
thickening. The adventitia, particularly, shows an excess of hyaline 
fibrosis. _ ilany contain small foci of acute inflammation and necrosis in 
the media. The arterioles show an endothelial hjiierplasia, often to the 
. point of occlusion. The profusion of interstitial fibrin and infiltration often 
obscures the capillary structure. In many places the latter has disappeared. 

The bronchioles are often filled with blood and fibrin. Their walls may 
bo thickened by congestion and edema. At some points there is noted a 
rupture of the wall nith extrusion of the interstitial fibrinous e.vudate, often 
laden with phagocytes. In the larger branches the mucosa is intact and ' 
no intrabronchial pathology is c\ndent. 

Summary. Hheuinatic lobar pneumonia , in'i’olving the entire right 
lung and left lower lobe. There was a history of pneumonia and 
pleuritis at tlic beginning of this patient’s last illness one month 
before. The final lung changes apparently represent a recurring 
attack. 

Discussion. The term “rheumatic pneumonia” present in old 
medical literature, has been practically forgotten in the last half cen- 
tury. The tendency to precision in medical thought and nomencla- 
ture caused “rheumatic jrncumonia” to follow “typho-malaria” and 
other dubious terms into the discard. Until a few years ago “rheu- 
matic fever” meant essentiallj'' acute arthritis and endocarditis. 
Today a widespread involvement of many tissues is recognized. 
The advance is due in most part to the recognition of a specific 
pathology, u’hich began with Aschoff’s description of submiliary 
nodules in the lieart.^® At the present time identification of a 
rheumatic lesion depends on histology; the presence of focal peri- 
vascular lesions, necrotic and proliferati\'e of the Aschoff t}'pe, is 
the criterion for diagnosis. Recently there has been considerable 
discussion as to specificity of the Aschoff lesions for rheumatic fever. 
While something similar is apparently produced in experimental 
animals by the injection of many strains of nonhemolytic and pos- 
sibly hemolytic streptococci, it is seen in human pathology pre- 
eminently in rheumatic fever and we consider it characteristic m 
the cardiac lesions of that disease. 

This series of cases was chosen from a large number of rheumatic 
fatalities, because it represents a small group of patients dying m 
the acute stage of the disease, who presented definite pulmonary 
signs, usually of consolidation. Many other patients having tlie 
same clinical picture, but survi%dng after a stormy purse, have 
been seen in the last fom- years. Other cases, similar to tlip 
included in this report, have been observed at ppopsy, but lo 
various reasons could not be included in the patplogic s } • 
large number of rheumatic deatiis presented the characteristic una- 
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ings of subacute and subchronic pleuritis with effusion and basal 
atelectasis. They do not fall within the scope of this report, appar- 
ently representing a later stage of rheumatic pulmonary disease 
and often complicated by cardiac failure. One such case included 
in this series (Case 2, F.E,.) clinically presented pleurisy, cardiac 
failure and atelectasis, and at necropsy, isolated foci of pneumonitis 
without consolidation. 

In our study the gross and histologic examinations revealed 
pulmonary changes which a]:^arently had not been previously 
described. They were presented at the December meeting of the 
Pathological Society of Philadelphia, 1927, and published in an 
abstract in the Archives o:f Pathology, 1928.^® It was therefore, with 
great interest that we read the paper on the “Rheumatic Lung,” 
by A. E, Naish^^ whose findings are identical with our own. 

The acute pulmonary lesion of rheumatie fever, rheumatic pneu- 
monia or pneumonitis, is an acute interstitial inflammation, having 
as its basis the vascular damage and perivascular infiltrations that 
are common to all acute rheumatic lesions. It is practically non- 
suppurative, thus differing from the acute interstitial pneumonias 
caused by hemolytic streptococci, such as are associated with 
epidemic influenza^'* or the bronchopneumonia of measles.^” In 
none of our 9 cases was there any considerable exudate of poly- 
morphonuclear cells. In the most acute stages, characterized espe- 
cially by necrosis, one sees groups of polymorphonuclears, scanty 
in number and sharing in the karyorrhexis suffered by all cells in 
these areas of acute focal necrosis. The nonsuppurative character 
of this inflammation precludes the development of pyogenic changes, 
such as gray hepatization, abscess or empyema, except through 
the medium of secondary infection. 

Consolidation was present in 8 of these cases and did not seem 
to show a preference for one lung over the other. Both lungs were 
involved and usually to about the same extent. In Case 4 (M. M.) 
the left lung showed a greater involvement than the right lung. 
In Case 9 (R.I.) 4 lobes were consolidated, including the entire 
right lung. The largest consolidations were in the lower lobes with 
smaller infiltrations in the upper lobes, especially toward the hilum 
and along the interlobar fissure. Although an entire lower lobe was 
often involved, consolidation was not as bulky as in lobar pneu- 
monia. The rheumatic lesion’s color, varying from dark blue to a 
rusty-brown, and the delicate white tracery under the pleura, due 
to interstitial exudate, and its appearance on section, are distinct 
features. The dark red, firm finely-granular, .slightly moist cut 
surface, doubtless led to its description as a “splenization.” Naish 
points out its resemblance to solid India rubber. It is not atelec- 
tasis. The ])liysical signs elicited in the examination of the lungs of 
acutely ill rheumatic fever patients, have often been attributed to 
atelectasis. It was noted in only 1 of these 9 cases (Case 2, F.R.) 
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wliere there was no eonsolidation, but basal collapse associated with 
svsbacutc and chronic- pleiiritis. Basal collapse, sometimes to an 
unusual degree, and often accompanied by gelatinous edematous 
pleural adhesions, is seen frequently in subacute aspects of the 
disease. Our belief is that the lesion described in this report is 
either independent of those changes or, in more probability, precedes 
them. 

Wc would speak of this lesion as pneumonia or pneumonitis, 
depending upon its extent. Small hemoiThagic foci, with little or 
no cellular infiltration, often seen in the nonconsolidated lobes of 
these cases and indeed in many cases of rheumatic fever with vir- 
tually no pulmonary involvement, scarcely merit the title of pneu- 
monia or of "hemorrhagic lobrdar pneumonia.” However, if the 
presence of inflammatory consolidation -with tlie subsequent altera- 
tion of physical signs warrants the use of the term “pneumonia,” 
the lesions in 8 of the cases in tliis series can well be called “rheu- 
matic pneumonia.” As a fine distinction, in contrast to the ordinary 
bronchopneumonia, this consolidation could possibly be termed 
“perivascular pneumonia.” 

Histologic examination gives definite proof of the identity of the 
lesion. This brings up the point as to what is the characteristic 
microscopic picture of a rheumatic focus. Evidently, as stated in 
the protocol of the first case, the cellular complexion of these lesions 
differs in different locations. The difference seems to depend on 
the age of the lesion and to a lesser degree in consideration of the 
disease in general, on the organ that is involved. The areas of 
acute focal necrosis, small perivascular groups of broken-up poly- 
morphonuclears and slender irregular epithelioid cells might con- 
ceivably be the first of a number of phases of inflammatory reaction 
and to be followed later by a more proliferative process, the Aschoff 
"nodule.” This more mature stage of the reaction is characteristic 
and its presence establishes the diagnosis of rheumatic fever. It is 
this interstitial perivascular infiltration of large cells, often multi- 
nucleated, that is a significant part of the histologic picture in 
rheumatic pneumonitis. 

A third phase of this reaction is suggested by the presence or 
fairly large cells, Avith solid irregular nuclei replacirig the large 
Aschoff cells and giAung the impression that such a lesion is a sub- 
acute one, A'erging on early sclerosis. _ 

Another important feature is the vascular destpetion that is 
usually seen in rheumatic pathology —the endothelial liAqierplasia, 
the rupture of capillaries with hemorrhage and the liberation o 
fibrin. Although the condition is primarily interstitial, tins heavy 
infiltration of blood and fibrin “pours” over into the alveolar spaces, 
lending bulk and the various color ' changes to the 
appearance. It is often intense and in striking contrast to 
fcAA^ ceils within the air sacs. The consolidation is the intersti 
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exudate, plus this alveolar hemorrhage. Occasionally one may see 
small areas of hemorrhage with comparatively little or no cellular 
exudate and surrounded by air-containing tissue. Grossly these 
will appear as hemorrhagic foci without consolidation. They are 
apparently identical with the small hemorrhagic lesions described 
by Paul. Many of them show an inflammatory aspect, perhaps a 
few irregular epithelioid cells or an oecasional small perivascular 
group. We would consider them to be a very mild, but definite 
expression of acute rheumatic pulmonary pathology. 

Where phagocytosis of hemorrhage occurs, as evidenced by the 
appearance of large phagocytic monocytes, so-called “Herzfehler” 
cells, one may be confused as to whether there is a true inflammatory 
process or only passive congestion, especially since there may be 
coexisting mitral stenosis. Case 3 (E.H.) in this connection is 
worthy of comment. The gross appearance of the lungs was cer- 
tainly not that of passive congestion. The lesions were too local- 
ized; large portions of the lung tissue were comparatively anemic 
and the bases were fairly clear. The cellular infiltration was, of 
course, distinctly inflammatorj'', including large Aschoff cells. The 
presence of “Herzfehler” phagocytes must then be explained by 
the hemorrhagic character of the inflammation, which in acute 
rheumatic lesions is not uncommon and in this particular lesion, 
aeute pneumonitis, is rather characteristic. 

The above changes are the result of vascular damage in small 
bloodvessels— capillaries and arterioles. Endothelial hyperplasia to 
the point of complete occlusion of these small vessels, is now a 
recognized step in the development of a rheumatic lesion. The 
knowledge of vascular changes in this disease has recently been 
advanced by the recognition of intimal changes in the aorta and 
other large bloodvessels.-^ Obliteration by the inflammatory process 
of a large artery, contributing to the formation of gross infarction, 
has not to our knowledge been previously described. Sudden 
occlusion of a large coronary artery in the course of rheumatic fever 
in a patient who recovered has been recently recorded. Such occur- 
rence is rare." 

In Case 5 (S. C.) and Case 9 (R.I.) large branches of the pul- 
monary artery were completely occluded by tissue that is distinctly 
inflammatory, identical with perivascular infiltration, which has 
spread tlu’ough the vessel wall to reach the intimal surface. The 
intravascular infiltration exliibits numerous new capillaries and peri- 
vascular collections of endotlielioid cells. There is presented, there- 
fore, vascular occlusion by rheumatic arteritis with destruction of 
large areas of tissue, in contrast to a similar microscopic process 
that is going on constantly in the small bloodvessels in rheumatic 
fever. The development of infarction was aided, of course, by 
cardiac weakness which embarrassed the collateral circulation. 

Inflammation of the tracliea and bronchi was not noted in these 
cases. At least there was an absence of purulent changes in the 
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mucosa. _ The occasional reddening and sAvelling of the mucosa can 
be explained by the mieroscopic picture of peribronchial and intra- 
bronchial infiltration of cells, wliich are probably transported there 
by the lymphatics draining the pulmonary tissue. Sometimes the 
smaller bronchial branches were filled with blood. The rather mild 
clranges in the bronchial ttibes and the absence of gross lesions in 
the trachea, will lend some significance to the statements of clin- 
icians that the pulmonary involvement in rheumatic fever, unlike 
bronchopneumonia, is not a result of ripper respiratory tract infec- 
tion. Rheumatic pneumonia, however, may be associated with 
other infections. Case 4 developed a rheumatic pneumonitis and a 
pneumococcic lobar pneumonia. 

Singularly enough, the majority of these acutely inflamed lungs 
showed but few lesions of their pleural surfaces. There was occa- 
sioriall}'^ a very mild dullness of an otherwise smooth surface. Small 
amounts of clear fluid were recovered from the pleural sacs. In 
Case 2 (F.R.) an exception as regards the pleural involvement was 
an adhesive pleuritis and mediastinitis, without consolidation of the 
lung tissue. 

Eight of these cases exliibited a pericarditis. Case 2 (F.R.)j 
without the consolidation, had a pericarditis; Case 3 (E.H.) on the 
contrary showed no pericarditis, but did have massive consolidation. 
Rheumatic pneumonitis and pericarditis usually coexist, but appar- 
ently need not always do so. All the subjects had some acute 
manifestation of cardiac rheumatism; all but 1 (Case 6, W.S.) had 
acute endocarditis. ■ . 

The endothelioid reaction that is an essential feature in rheumatic 
pneumonitis is seen, as far as we know, in only one other condition 
in human pathology, and that is occasionally in subacute bacteria! 
endocarditis. The histologist may, in such cases, find small peri- 
vascular groups of large cells, but that is only a trivial microscopic 
suggestion of what in rheumatic fever may proceed as far as the 
production of lobar consolidations. Ninety per cent of cases^ of 
subacute bacterial endocarditis sliow implantation of that condition 
on rheumatic' carditis. Histologic changes in the lungs of such 
patients, therefore, may well be part of a rheumatic pathology. 
Experimentally tliis endothelioid reaction in lung tissue is seen 
constantly in rabbits following injections of the Streptococcus ^rdio- 
arthritidis.'® The gross appearance of rheumatic pneumonia (rig. 
bears a close resemblance to lungs consolidated in the course oi 
Streptococcus viridans infection in young children. The histology 
of the latter infection likewise is suggestive, in some ways, of wna 
is seen in rheumatic fever. Incidentally the presence of sue an 
inflammatoiy reaction in lung tissue, in human pathology, 
the contention that the endothelioid cells of the Aschoff no u e i 
heart muscle, axe derived from muscle cells.-^ , 

Summary. Nine cases of acute rheumatic fever are 
with reference to their pulmonary pathology. Eight of these sn 
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an acute inflammation of lung tissue with consolidation; the ninth 
shows pleurisy with subacute lung involvement. All of them are 
associated with acute rheumatic heart disease. The inflammatory 
pulmonary reaction consists of an interstitial perivascular exudate 
of large endothelioid cells, identical in morphology with those found 
in rheumatic heart lesions and considered pathognomonic of rheu- 
matic fever. Hemorrhage and fibrinous exudate are prominent 
features. We therefore consider that in many virulent cases a 
characteristic rheumatic pneumonia is to be found, 
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In 1910 Herrick described peculiar poikilocytes which he found 
in the blood of an anemic negro. He applied the descriptive term 
sickle to these cells. Only 3 instances^'®’® of this sickling phenom- 
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enon were observed and reported in the next 13 years. In 1923, 
however, with the appearance of papers by Sydenstricker^ and Huck* 
sickle-cell anemia was established^ as a definite disease entity. 
Since tliis year an ever increasing number of articles in the literature 
has served to acquaint the medical profession with the general 
pattern of this malady. The articles of Emmel,^ Graham,®'^ 
Hahn,*®’^‘ Josephs,*- Rich,*® hloore,*^ Anderson,*® and that of 
Landon and Lyman*® arc especially noteworthy in this respect. 
With this array of available information set forth, there seems to be 
no need for our purposes to redraw tlie picture current^ thought to 
represent sickle-cell anemia. In spite of the excellent observations 
made and reported, many features of tliis fascinating disease remain 
unexplained. Among tliese are tlie so-called abdominal crises 
experienced by some patients whose blood reveals sickle cells. 

Recurrent abdominal pain is emphasized by all writers on sickle- 
cell anemia. Epigastric pain after eating and recurrent attacks 
of epigastric and left hypoclirondriac pain are noted in all reported 
protocols. Such episodes occur not infrequently during tlie disease’s 
latent phase when the symptoms are few and the pltysical signs are 
only suggestive. During tlie active phase these attacks may occur 
more frequently and may be very severe. Vomiting may occur. In 
addition one may find at the same time some degree of abdominal 
tenderness with rigidity, fever and leukocytosis. Not infrequently 
the attacks simulate those occurring in the tabetic. This simulation 
is accentuated by the presence of leg ulcers and Ijmiphadenopathy. 
The symptoms may lie general, unilateral and upper or lower 
abdominal in location. The attacks may be acute enough to simulate 
gall stone colic, appendicitis, or a ruptured viscus and the need 
for an emergency laparotomy may seem to be imperative. The 
sickle-cell anemic patient may of course be the victim of such 
abdominal diseases; on tlie other hand, the surgeon may be dis- 
appointed in not finding an explanation for tlie patient’s difficulties 
at the time of operation. It is not unlikely that sickle-cell patients 
have been subjected to needless laparotomies. Such experiences 
are not generally reported, due to the natural tendency not to 
publish diagnostic failures especially when tlie correct diagnoses 
have not been established. It is quite possible to miss mild degrees 
of sickling in the usual blood studies as they are made, especially 
when these have been limited to leukocytic counts. Graham s 
case had an appendectomy performed on a previous admission. 
One of Alden’s*^ cases was diagnosed eitlier pneumonia or appen- 
dicitis, but fortunately the condition subsided before operation 
was performed. Hein’s®® patient sought relief for epigastric pain. 
Smith’s*® case presented sjunptoms suggestive of gall bladder is- 
ease with complicating appendicitis. The discovery of sickle cel s in 
this patient’s blood obviated the need for operative interven ion. 
We have observed a patient who would undoubtedly have been 
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subjected to an abdominal operation but for the knowledge that his 
blood contained sickle cells. • Two other patients with painful 
abdominal attacks are cited so that certain matters pertaining to 
the occurrence of abdominal crises in the course of sickle-cell anemia 
may be conveniently discussed. 

Case Reports. Case 1. — A male negro, aged 25 years, was first ad- 
mitted to the Philadelphia General Hospital in October, 1926, because of 
severe pains in his arms and legs. A diagnosis of subperiosteal abscess 
of the right tibia was made, and the lesion was incised and drained. A 
culture of the puslike material obtained was sterile. The patient made an 
uneventful recoverj'' and eloped from the hospital before the wound had 
completely healed. 

In September, 1929, he was admitted for the second time because of pain 
in his legs and back. An attempt was then made to establish a diagnosis 
of congenital lues despite negative serologic findings in both the blood and 
spinal fluid. It was further noticed that he presented the picture of a hypo- 
pituitary disturbance. This suspicion was strengthened by an increased 
sugar tolerance and the findings on Roentgen ray examination of a sella 
turcica larger than normal with hazy and probably rarefied posterior 
clinoids. The basal metabolic rate was -j- 4 per cent, and the visual fields 
were normal. On discharge the final diagnoses were congenital lues with 
luetic periostitis and aortitis, congenital psychopathic inferiorit}'', and lijqDO- 
pituitarism. 

On January 1, 1930, the patient was admitted for the third time, com- 
plaining of severe pain in both shoulders and lumbar spine, and occasional 
vomiting and pains in the epigastrium after eating. This was the first time 
the patient was seen by us. 

Physical Examination. The patient was a black male, aged 25 years, 
who appeared much younger, and distinctly under normal size. There 
were few positive findings. The tonsils were hj'pertrophied -and diseased. 
The heart was enlarged to the left and right and a systolic murmur of 
moderate intensity was heard at the apex and at the first intercostal space 
to the right of the sternum. The blood pressure was 110 systolic and 62 
diastolic in both arms. The extremities revealed a scar over the right tibia, 
the patient showed tenderness over both deltoid muscles, and exaggerated 
reflexes. The posterior and anterior cervical, the epitrochlear and inguinal 
glands were uniformly enlarged. 

Laboratory Observations. The red blood cells varied from 2,400,000 to 
3,300,000; hemoglobin 60 per cent to 80 per cent. The color index was 1. 
The white blood cells varied from 10,900 to 19,400; the differential count 
was normal. Forty-four nucleated red blood cells were seen in counting 
100 white blood cells. Anisocytosis, poikilocjdosis, and polychromatophilia 
were found routinely. Sickle cells varied from 6 to 50 per cent in both the 
fresh preparations and the stained films. Reticulocytes varied from less 
than 1 to 5 per cent. Clotting time was 2h minutes and bleeding time 3 
minutes. The platelets varied from 280,000 to 480,000. Hemolysis began 
at 0.30 per cent and was complete at 0.20 per cent salt solution. The blood 
sugar was 80 mg., blood urea nitrogen 12 mg., cholesterol 165 mg., cal- 
cium 10.4 ing., phosphorus 4.6 mg. per 100 cc. of blood, and blood pH 
was 7.44. The icterus index varied from 8 to 15; the Van den Bergh reac- 
tion was delayed. The urine showed a constant trace of albumin; the specific 
gravity varied from 1006 to 1008; urobilin was present; and 70 per cent 
elimination of phenolsuljfiioncphthalein occurred in 2 hours. Gastric 
analysis on one occasion showed a free hydrochloric acid of 6; total acidity 
of IS; on another occasion 25 free and 60* total in terms of normal NaOH 
solution. 
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_ Roentgenologic Examination. _ The gall bladder was found normal by the 
intravenous dye test. Gastrointestinal Roentgen ray study showed no 
abnormalities except for increased colonic peristalsis. The heart was en- 
larged to tlie left and there was a considerable enlargement of the richt 
auricle. The aorta was normal. 

Skull. There was considerable thickening of the outer table of the parie- 
tal bone. This was due to new bone formation, showing as striations per- 
pendicular to the long axis of the skull. The suture lines were indistinct. 

Spine. Tlie vertcbrm were shortened in their vertical dimensions and 
somewhat widened in diameter. They had a soft appearance, there being 
considerable decalcifieation. The trabeculm were rather prominent and 
. sharp and the cancellous spaces were rather large. (Fig. 1.) 

Pelvis. The bones of the pelvis showed considerable osteoporosis. The 
trabecula! were rather sharp. 

Ribs. The ribs were irregularly deformed. They had a soft appearance 
due to an osteoporosis. The cancellous structure was rather prominent. 
The scapulce were apparently not involved. The inner portion of the clavi- 
cles showed osteoporosis. 

Left Foot. There was considerable osteoporosis. The trabeculie were 
sharp and had a pencilled appearance. There weve a number of dense lines 
of bone condensation extending across the medullary cavity. These were 
particularly prominent in the lower end of the tibia. The cancellous spaces 
were rather large. (Fig. 2.) 

The changes noted in the skull and the other bones were characteristic 
of the osseous lesions found in sickle-cell anemia. 

Course. On man}' occasions during the patient’s long stay at the hospital 
he was seized vutli severe abdominal pain, at times localized in the upper 
quadrants and at other times in the lower quadrants. These critical attacks 
were accompanied by nausea, vomiting, rigidity, diminution of peristaltic 
sounds, and generally with fever up to 102“ F. The agony was so excru- 
ciating that. the patient assumed all kinds of bizarre positions, at timp 
extreme opisthotonos. Frequently these attacks were accompam'ed by pain 
in the back, thighs or lower chest. Morphin sulphate in large doses at 
short intervals was necessary for relief of the pain. Diagnosis of appendi- 
citis, cholecystitis, pancreatitis, peritonitis and Pott’s disease were made 
by those who saw him during attacks. Surgeons who were consulted advised 
against operation on a num&r of occasions, chiefly because of the sickle-cell 
features observed in the patient. 

Case 2. — A colored girl, aged 23 j'ears, was admitted to the Pliiladel- 
phia General Hospital on September 6, 1929, to the serrice of Dr. Herman 
B. Allyn. Since the age of 10 the patient had been in poor health and com- 
plained of generalized joint and extremity pains and_ frequent sore throats. 
At the age of 18 she had a long siege of acute rheumatic fever, but her doctor 
had diagnosed heart disease a few years before tliis attack. On several 
occasions she had edema of the anMes. 

Physical Examination. The patient was a black female, aged 23 years, 
poorly developed, poorly nourished and dyspneic. The tonsils were h^er- 
trophied and diseased. The submaxillap' glands were enlarged. .Th^re 
was a marked, diffuse precordial pulsation. The apex beat was in the 
seA'enth interspace at the anterior axillarj' line and precordial auilness 
extended from beyond the right border of the sterum to the axflla, A roug 
presystolic and a blowing systolic murmur W'as heard over the entire pre- 
cordium and was transmitted to the back. The second pulmomc sound 
w'as louder than that of the second aortic. The blood pressure was 
systolic and 75 diastolic. The liver was enlarged to 4 inches below the 
costal margin and the spleen was easily palpable. 







Fig. 2.-Case 1. Left foot There 

are sharp and have a pencilled „ cavity. These are particularly 

S:- ... ...... -• 


LEIVT, SCHNABEL: ABDOMINAL CRISES IN SICKLE-CELL ANEMIA 385 

Laboratory Observations. The red blood cells varied from 1,950,000 to 
2,700,000; hemoglobin from 40 to 62 per cent. The color index was -f 1. 
The white blood cells varied from 7600 to 13,700 and the differential count 
was normal. Anisocytosis, poikilocytosis, polychromatophilia and nucleated 
red blood cells were present on all examinations. Sickle cells varied from 
3 to 20 per cent on the stained films. Hemolysis began at 0.46 per cent 
and was complete at 0.22 per cent salt solution. The blood sugar was 
76 mg. and the blood urea nitrogen was 12 mg. per 100 cc. of blood. The 
icterus index was 12 and the Van den Bergh reaction was delayed. The 
urine showed a trace of albumin and the specific gravity varied from 1009 
to 1012. The electrocardiogram revealed flattened T waves in Lead I and 
inverted T waves in Lead II. The Q-R-S complexes in Lead I were notched. 
The roentgenogram of the chest showed considerable pulmonary congestion 
of both lung bases. There was general cardiac h 3 TDertrophy; the heart 
apex being in the left axilla, and the left auricle much enlarged. The con- 
tour of the heart suggested a double mitral lesion with a probable pericar- 
ditis. The vertebra and ribs as shown on a film taken primarity for cardiac 
study showed no unusual bony lesions. 

Course. The patient died 5 months after admission to the hospital. 
During this time she had frequent episodes of severe lower and upper 
abdominal pain which were relieved with difficulty only after repeated 
administrations of morphin. 

Case 3. — A colored female child, aged 4 years, was first admitted to 
the pediatric service of the Philadelphia General Hospital on September 12, 
1929. She was a normal baby at birth weighing 7 pounds, 6 ounces. At 
the age of 4 months she developed rickets and since 2_ years of age she had 
been suffering from anemia, attacks of fever, anorexia, vomiting, pain in 
the abdomen, back, head and legs. At first these attacks occurred about 
1 month apart, but recently they had occurred more frequently. The 
attacks had often been ushered in bj'' convulsions and a comatose state, 
suggestive of epilepsy. In the past 2 j’^ears she had had a tonsillectomy 
and several blood transfusions. 

Physical Examination. The patient was an anemic, undernourished 
black girl, aged 4 years, very restless, tossing about, vlthher legs drawn up. 
The temperature was 103° F., and- the pulse was 120 per minute. Her head 
was large, flat, and square. The tonsils had been removed. The chest 
revealed a rachitic rosa^ 3 ^ The heart was enlarged to the left and the blood 
pressure was 130 systolic and 100 diastolic. The spleen was enlarged 4 
inches below the costal margin; the liver was not palpable. A small umbili- 
cal hernia was present. The cendcal and inguinal glands were hjqoer- 
trophied. 

Laboratory Observations. The red blood cells varied from 1,500,000 to 
3,800,000; hemoglobin from 40 to 60 per cent. The color index was usualty 
above 1. The white blood cells varied from 4000 to 39,000; of which 40 to 
60 per cent were poljTnor]ffiopuclear leukocytes. Anisocytosis, poikilo- 
c.vtosis, and pob'chromatophilia were routinelj’’ present. Nucleated red 
blood cells were usuallj’’ present in varjdng numbers. Reticulocjffes were 
found ranging froni 2 to 10 per cent. Sickle cells varied from a few to verj’^ 
manj’^ on the stained films. Clotting time was 31 minutes and bleeding 
time 1-1 minutes. The platelets varied from 160,000 to 520,000. The blood 
sugar was 111 mg.; blood urea nitrogen, 10 mg.; calcium, 12.7 mg.; and 
phosphorus, 4.4 mg. per 100 cc. blood. The spinal fluid Wassennann and 
bood cultures were repeatedly negative. The von Pirquet test was also 
negative. The urine showed a trace to a heavv cloud of albumin, occasional 
granular and manj' hj'aline casts, and a low fixed specific graAnty var\'ing 
from 1003 to 1007. 
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Roentgenologic Examination. The skull Roentgen ray showed evidence 
■of cerebral^ atrophy due to intracranial pressure and the typical perpen- 
dicular striations of the outer cortex characteristic of sickle-cell anemia. 
The chest plates showed enlarged glands in the righ hilum shadow. The 
diaphysis of both femori and both tibia; were widened and the zone of ossifi- 
cation denser than normal, suggestive of healed rickets. Roentgen ray stud- 
ies of the spine showed nothing unusual. 

Course. From September, 1929, to April, 19.30, the patient was admitted 
to the ho.spital_ three times. The critical abdominal attacks, accompanied 
by fever, vomiting, leukocytosis and pains in the head and extremities 
were always relieved by blood transfusions. The true nature of the disease, 
was however, not appreciated since sickle cells -were either absent on the 
blood films or ^vere not noticed. The final diagnoses were hilum tubercu- 
losis, chronic diffuse nephritis with acute exacerbations and uremic con- 
vulsions, brain tumor, rickets, congenital lues with splenomegaly, anemia, 
and malnutrition. 

On the fourth admission in Maj', 1930, the diagnosis of sickle-cell anemia 
was made. A splenectomy was performed by Dr. Eliason on July 1, 1930. 
This was followed by a good operative recovery and a temporary improve- 
ment of the patient’s symptoms. 

Pathologic Report of the Spleen. The spleen weighed 200 gm. and was of 
elastic consistency. The surface was irregular because of superficial scars 
and the capsule overlying the scars was thickened and opaque. The cut 
surface had a glistening deep red appearance, and the follicles could be dis- 
tinguished only with difficulty. On microscopy the striking appearance 
was the extreme congestion. The Malpighian follicles were enlarged and 
some of them displa3"ed endothelial hj^perplasia. Although there was some 
thickening of the capsule there was but little diffuse fibrosis. 

Further Course. Two months after the splenectora}’’ the patient returned 
to the hospital suffering with the same sjrmptoms that she had had for the 
past 3 years; namelj"^, headache, back and extremity pains, abdominal 
rigidity and pain, vomiting and fever. These sjuiiptoms were again relieved 
temporaril}'- b}' blood transfusions. There have since been two more admis- 
sions for similar complaints. The removal of the spleen in this patient has 
apparently failed either to modify the course or character of the disease 
or to relieve the distressing abdominal attacks. 


Comment. These 3 patients illustrate the salient characteristics 
of sickle-cell anemia, and more particularly its variable abdominal 
symptomatology. Our third patient was temporarily relieved by 
blood transfusions which would suggest that the anemia per se may 
be responsible for the critical episodes under consideration. Any 
discussion, however, of such abdominal attacks must take into 
consideration that the disease is notable for its remissions and 
relapses. Under such circumstances there is no justification m 
rationalizing a treatment on the favorable outcome of a thera- 
peutic procedure. If any conclusions are to be drawn after m 
practice of a therapeutic test, the- results should be reasona y 
permanent, constant and clearly related to tlie treatment, i is 
is not true for our patient and it has not been so for other patien s 
as reported in the literature. The term sicklemia has been sugges e 
instead of sickle-cell anemia because a grave anemia is not con- 
stantly found in these patients. It is perhaps best reserved tor 
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those cases that show sickling without anemia. While our 3 patients 
presented a severe anemia at times, still the abdominal attacks did 
not necessarily coincide with the periods of marked hemoglobin 
and red cell depression. 

In the matter of remissions and relapses sickle-cell anemia resem- 
bles primary anemia, although it differs from this disease in many 
details. Patients suffering from pernicious anemia seldom have 
abdominal pains. Baily^“ observed 2 cases of acute abdominal 
crises in the late stages of pernicious anemia. He operated on the 
first one and found no lesions aside from a distended gall bladder 
filled with so-called .“biliary mud.” Explanation is made to the 
effect that the liver because of a sudden great blood destruction 
must secrete large amounts of pigment in a concentrated form and 
this in turn accumulates in the gall bladder. The weakened patient 
responds strongly to this painful stimulus. Such a condition has 
not been found in sickle-cell anemia and therefore can hardly 
explain the frequent abdominal attacks in sickling patients. It 
must also be a very rare occurrence in pernicious anemia. Taking, 
then, all of these comments into consideration it would seem that 
the anemia of sickling patients is not accountable for their abdomi- 
nal pains. 

The disease resembles hemolytic jaundice in some ways. Sickle- 
cell anemia is like acholuric jaundice in its hereditary nature, 
jaundice, blood picture, evidence of blood destruction, relapses and 
remissions; but differs, in that it seems to be confined to the negro 
race, .shows sickle cells, the atrophic, scarred spleen of older patients, 
the leg scars, the joint pains, abdominal crises and the failure of 
splenectomy to cure the condition. Although the hemolytic jaun- 
dice patient may have abdominal pains during a severe exacerbation, 
these attacks are not comparable to those we have observed in 
sickle-cell anemia. The abdominal pains occurring in tlie latter 
disease impress one as being the same sort of pain which is experi- 
enced in the extremities and these are absent in the presence of 
llemol.^'tic jaundice. It must seem apparent to tliose who have 
given thought to the matter that the hemolj’tic features of sickle-cell 
anemia are not accountable for the critical abdominal attacks. 

The pains under consideration may or may not occur in patients 
witli a variable or a constant number of sickle cells. Hahn“ believes 
tlicre is a correlation between the severity of sickle-cell anemia 
and the number of sickle cells in the circulating blood. He further 
found that SNTnptoinless individuals with the sickle-cell trait have 
few or no siclde cells in the circulating blood. In our first patient, 
however, studies made of quickly dried smears showed no appre- 
ciable variation in tlie number of sickled cells both in and out of 
abdominal attacks. It is difficult to estimate the amount of sickling 
present inasmuch as wet preparations show an increasing number 
of deformed cells, up to 100 per cent, as time elapses after blood 



38S LEm", SCHNABEL: ABDOanNAL CRISES IN SICKLE-CELL ANEMIA' 

withdrawal.^ There is some question as to M'hether the bizarre 
forms which are found after a wet preparation stands for a time are 
identical with those found in blood immediately after the blood 
has been taken. Wc have a feeling that examination of a dried 
smear is the liest method of studying sickling quantitatively. On 
tlie oiJier hand one is less likely to overlook the presence of sickle 
cells in doubtful patients by the examination of wet preparations 
at varying intervals after the blood has been witlidrawn. All 
negro patients should receive the benefit of study in the latter way 
especially so when they present abdominal symptoms and operation 
is contemplated. 

Hahn^®'“ has shoAvn that the saturation of the blood with CO 2 
will produce sickling and that the sickle cells will return to tlie round 
form if the blood is tlren saturated with oxygen. He tlierefore sug- 
gests that anoxemia may be a factor in tlie production of the sickle- 
cell distortion in living subjects. With tliis in mind, our first patient 
was placed in an oxj^gen tent during an attack. This procedure did 
not seem to influence the intensity of his pain or the degree of 
sickling. 

Sydenstricker“ found that reduction of the blood pH m vitro 
to 7.3 or 7.25 causes immediate sickling. During a symptom-free 
period in our first patient we tried to produce an attack by the 
administration of massive doses of ammonium chlorid as well as 
by feeding a ketogenic diet. As a part of the experiment we also 
gave the same patient at otlier times large doses of sodium bicar- 
bonate. These therapeutic trials produced no appreciable change 
in the patient’s condition and were unaccompanied by any change 
in the degree of siclde-cell formation. "lAdiile many things seem to 
influence the amount of sickle cells observed in vitro, nothing has 
been suggested that changes the picture in vivo. The administra- 
tion to our first patient of bicarbonate of soda and potassium citrate 
together with potassium sulphocyanate was followed on two occa- 
sions by an immediate cessation of attacks but no difference in the 
sickle-cell count. Thus far then, it would seem on the strengA of 
our observations that the mere presence of siclde cells in the circu- 
lating blood does not account for the painful episodes. 

Inasmuch as the abdominal pains simulate gall bladder attacks on 
occasions, the question arises as to ivhether this organ may not be 
the responsible agent for the abdominal picture under discussion. 
Haroiltotf ^ described a case of sicklemia complicated by gall stones, 
but Hein^2 noted gall stones in only 3 of 12 patients. Our first 
patient yielded normal cholecystographic studies. Normal gau 
bladders have been observed in '^icfiers" at autopsy who have had 
attacks of severe pain and rigidity in the upper right quadrant of 
the abdomen, accompanied by jaundice, vomiting, shoulder and 
back pain, fever and leukocytosis. This suggests the difficulty 0 
mailing a decision for or against the presence of gall bladder d’^ease. 
Yates and Mollarf-^ reported a patient who died during an abdomi- 
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nal crisis as the result, they believed of an arterial thrombosis in the 
liver. There was however insufficient evidence to substantiate this 
point. This finding has not been previously reported in sickle-cell 
anemia and could hardly therefore be counted as the usual cause for 
the pains with which we are concerned. It would seem then, that 
the evidence tends to exonerate both the liver and gall bladder as 
being the Usual factor in abdominal pain production for these 
patients, ^^ffiile the liver is uniformly the seat of pathologic lesions 
at autopsy, this is not true in the large majority of gall bladders 
examined at such a time. 

Sydenstricker^® suggests that the usual hypochlorhydria present 
in this disease may account for some of the gastric manifestations. 
In the population generally, many individuals present hypochlor- 
hydric states of a like degree but certainly do not have pains which 
are only relieved by morphin as was true of our first 2 patients. 

In addition to morphin, atrophin sulphate, adrenalin hydro- 
chlorid and nitroglycerin were tried hypodermically for our first 
patient. Calcium and distilled water intravenously also were used. 

Many drugs were given by mouth, including the salicylates, and 
a liver diet plus various liver preparations. None of these therapeu- 
tics efi'orts made an appreciable difference in the severity of the 
pains. On several occasions it was thought tliat sterile water 
hj^odermics gave relief, but this was not true during many other 
attacks. During the remission phases this patient asked for no 
medication. This seemed to controvert a thought entertained by 
some that he was experiencing some morphin withdrawal effects. 
During attacks there was no change in the arterial blood pressure. 
Whetlier the pains are a manifestation of some bloodvessel phe- 
nomenon, some automatic nervous system disturbance, an allergic 
state, or some unsuspected condition, must remain an open question. 
If they are due to one of the above conditions then it would seem that 
we should have produced some effect by our numerous medicinal 
practices. 

The infarctive^® and hemorrhagic” accidents occurring in the 
spleen may account for some of tlie pains. Splenectomy has been 
performed in a number of sickle-cell patients” with 

a general but not a uniform improvement in the anemic state. No 
one has observed a favorable influence on tlie siclding phenomenon 
after splenectomy. If the splenic accidents are responsible for the 
abdominal attacks then we must seek further for an ex-planation of 
tlie very similar chest and extremity pains. Painful abdominal 
attacks will occur even after splenectomy, as is shown in our third 
patient who had this operation performed in July, ] 930. She was 
admitted 2 montlis later because of the recurrence of abdominal 
pain. Such an experience would indicate clearly that the spleen 
is not to blame for all of tlie abdominal symptoms under discussion. 

Because of the findings on Roentgen ray examination of definite 
and extensive lesions in the spine of our first patient, it occurred 
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to US tliat tlie paroxysmal crises in sickle-cell anemia may have 
their primary origin in these bony lesions. The pains resemble, in 
a measure, tliose of root origin as they are found in patients with 
other vertebral diseases. As far as we are able to determine, no 
one has carefully studied the 'nervous system of such patients. 
The bones of tlie extremities and skull are not tender nor does the 
pain seem to be seated in the osseous system. It would seem then 
tliat the bony changes as observed by the Roentgen ray are not of 
tliemselves responsible for the sjuuptoms complained of by these 
patients.^ If not of root origin then the abdominal, extremity and 
chest pains occurring in our patients may be comparable to tlie 
crises of sj^philis. In any event, if tliese pains are not, as they seem 
to be, of visceral or bony origin, they must be of nervous origin. 

Our third patient showed no vertebral Roentgen, ray changes and 
the same is probably true for the second patient as reported. It 
is quite possible, in spite of these negative findings, that the pains 
with which we are concerned are nevertheless of a neurologic nature. 
'\^^lile muscular rigidity such as was exhibited by our patients is 
iisualty due to a visceral lesion still it may result from a so-called 
“intercostal neuralgia.” Carnett-*-*® reported 6 cases of extensive 
abdominal pain, tenderness and rigidity in the absence of an intra- 
abdominal lesion. In his numerous contributions on tlie subject of 
“intracostal neuralgia” he has shown that “nerve irritation in spinal 
arthritis is due to an inflammatory exudate in tlie intervertebral 
foramina or in the epidural space pressing on the spinal nerves or 
their roots. This early inflammatory exudate may subside in the 
later stages witli disappearance of sensory symptoms or it may 
undergo organization with prolongation of sjmiptoms. The extent 
of bone changes the Roentgen ray is not an index of the severity 
of tlie referred sensory sjnnptoras.” While the bony lesion of sickle- 
cell dnemia patients is not inflammatory in nature it is quite possible 
that tlie sensory phenomena exliibited by onr sickling patients may 
have a production mechanism similar to that offered in explanation 
for the spondylitic, even in the absence of Roentgen ray evidence of 
bone disease. 

It is quite probable that the critical episodes occurring in sickle- 
cell anemia will remain unsatisfactorily explained as long as we are 
Ignorant concerning this disease’s causation. Graliam theorizes 
that since these subjects are peculiarly liable to tonsillitis, as was 
true for our patients, the intermittent attacks may be due to a light- 
ing up of an infective focus. This would explain, he believ^, Khy 
recurrences take place so frequently after exposure to cold, ae 
further recalls that phagocj’tosis in the blood by endotliehal Ity o- 
cjTes is known in acute and chronic sepsis and especially m infec- 
tions by the streptococcus. The kidney lesions in this disease are 
like those produced by the streptococcus. To this we mignt ad 
that the temperature elevation and leukocytic blood count sugges 
a microorganismal origin for the disease although no positive oo 
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cultures have thus far been reported. It may then develop that 
the pains under discussion are nothing more than the so-called toxic 
pains which occur in the course of many infectious diseases. They 
are however peculiarly severe in sickle-cell anemia, if they have such 
an origin. 

Summary and Conclusions. 1. Three patient reports of sickle-cell 
anemia are presented to illustrate the critical abdominal attacks 
which may occur in this disease. 

2. Current explanations of such paroxysmal abdominal pains 
as found in the literature are discussed. 

3. Other explanations not previously suggested are examined. 

4. None of these, whether old or new, are thought to explain 
adequately the abdominal crises under eonsideration. It is quite 
possible that a single explanation may not apply for all of the critical 
abdominal episodes as they occur in sickle-cell anemia. On tlie 
basis of marked bony changes in the vertebrae of our first case we 
have suggested root pains as a cause for the paroxysmal crises of 
pain and rigidity. 
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UNILATERAL OPACITIES IN CHEST FILMS. 


By J. J. Singer, M.D., 
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(I'rotn the Department of Alodicine of Washington University and the Medical and 
Surgical Chest Sor^'iec, Barnes Ilospital, St. Louis, Mo.) 


The differential diagnosis of unilateral opacities in chest films 
offers considerable difficulty becau.se a similar shadow can be pro- 
duced by many causes. 

Careful analysis of the symptoms, together with physical signs 
and laboratory methods, often gives one sufficient data upon which 
to base a diagnosis; but the Roentgen ray interpretation often 
gives the convincing clue as to the exact condition present. 

There are certain conditions in the chest which with our present 
knowledge can only be recognized by biopsy, and at times only by 
autopsjL Such methods as proper positioning under the Roentgen 
ray, bronchography and more frequent bronchoscopies have aided 
us considerably in clearing up many otherwise puzzling problems. 

The physical conditions of the chest which may produce opacities 
in the Roentgen ray film are as follows: Tumors of the chest wall, 
fluid in the pleural cavity, tumors of the pleura, atelectasis of the 
entire lung, pneumonia, tuberculosis, many other massive infections 
of the lung and marked pleural thickening or fibrosis. - 

It is the purpose of this paper to demonstrate the ease with which 
the observer may often solve the problems incident to interpreting 
unilateral opacities if he makes use of all methods of diagnosis. 


Case Reports. Case 1. — Mediastinal Tumor [Hodgkin’s Disease) wif/i 
Pleural Effusion. C. C,, a woman, aged 24 years, was admitted to the 
Barnes Hospital, February 20, 1930, with a bistorj'^ that since OctooCT, 
1929, she had lost strength and had suffered sharp stabbing pain in the right 
upper chest associated with cough. An afternoon^ rise in temperati^ 
(101 ° F.) was noted in November, 1929. The pain increased in swerity, 
dyspnea appeared and the patient was admitted to the Missouri Baptist 
Hospital, January 16, 1930. On Februarj’^ 1, 1930, her face, arms and neck 
began to swell. Because the presence of fluid was suggested by a Roentgen 
ra}'' film, an attempt was made anteriorly to withdraw it. A small amoura 
of pus was obtained, probably from a bronchus. Aspiration in the rign 
axillary line yielded serous fluid. , . 

Upon admission to the Barnes Hospital it was noted that the pat 
had marked swelling of the face, neck and right arm. 
and rather pale. Her blood pressure w'as 108 systolic and ^ 

same in both arms. Physical findings were all referable to ' 

On questioning it was found that she also suffered 
and general itching. Her leukocjTe count was 18,900 vnth a 
preponderance of poljTnorphonuclear cells (90 per cent); there 
eosinophilia. Laboratory findings were negative. ,^plded 

Aspiration of the chest in the right midaxillary line 'on February 3 




Fig. 1, a . — February 24, 1930. Unilateral opacity in the right chest from the first 
anterior rib which merges with the shadoiv of the liver. Tlie heart and upper medi- 
astinum are pushed toward the left. There is compensatory air content in theleft lung. 

Fig. 1, h . — February 24, 1930. Film taken after the aspiration of 400 cc. of clear 
fluid and the replacement by 100 cc. of air (diagnostic pneumothorax). A dense 
mass is now visible and a fluid level at the base is noted. The patient was slightly 
rotated to exaggerate the shadow. Diagnosis: Mediastinal tumor, probably 
Hodgkin's disease or lymphosarcoma. 



Fig. 2, a . — February 23, 1924. The Roentgen ray film show.? a unilateral opacity 
in the right chest from the first rib and merging with the shadow of the liver. (Note 
similarity of Fig. 1, a.) 

Fig. 2, !).— February 23, 1924. Film taken after the aspiration of 400 cc. of 
fluid and the replacement of 100 cc. of air. Xote the den.=e mass made by \-isib!e 
the diagnostic pneumothorax. Xote the fluid Io\-cl. It iso\-ident from this study that 
a distinct tumor is present in the right lung. (This was later proven by oiienation.) 





Fig. 3, o. .Tanuary 28, 1930. Unilateral opacity ot the entire right thorax. No 
lung detail is noted. Ttie left lung is normal. No definite diagnosis could be made, 
although many possibilities tvcrc suggested. A diagnostic puncture was made, 
pinkish-yoUow fluid resembling pus was n-ithdrawn and 100 cc. of air were introduced; 
a small amount of iodized oil was also introduced into the pleural cardty. 

^ Fig. 3, 6. — Januarj' ,31, 1930. Film taken with the patient lying with the right 
side up. The diagnostic pneumothorax shows the presence of a large encysted 
collection of fltiid and a smaller one below (this is well outlined nith lipiodol). At 
operation a large cyst was noted in the right pleura, but no booklets (echinococcus) 
were found. Diagnosis’. Echinococcus (?) cyst or amoebic abscess. (Should be 
■viewed horizontally uith right side up.) 



Tig. 4, a— October 30, 1928. bJnilateral opacity of the entire left side. . 
de^^ation of the trachea (left). Ko cardiac shadow is seen in the right 
ph 3 ’'sical signs suggested fluid and aneurj'sm. Diagnosis: Massive co apse 
obstruction of the main left bronchus. , 

Fig. 4, b.— December 10, 1928. Uipiodol shows complete obstruction of the 
left bronchus. Note the x-isibility ot the vertebra; as a result of the 
the left lung. Autopsy disclosed rupture of aneurysm of the .aorta ana m - 
atelectasis of left limg probably from compression of 1: ft main bronchus. 



b 


Fig. 5, a . — June 6, 1929. Lipiodol introduced by the aspiration method shows 
the trachea and the main right bronchus dilated, the upper bronchus blocked, the 
middle partially and the lower one completely. The left bronchial tree is normal. 
There is some oil in the stomach. Diagnosis: Pulmonary tuberculosis with fibrosis 
and partial atelectasis of the right lung. 

Fig. 5, 6.— September 9, 1929. Unilateral opacity of the right lung. Note the 
deviation of the trachea to the right. Below the right clardcle there is a crescentic- 
like area of rarefaction. The right diaphragm is not visible. The left lung shows 
compensatory air content. The cardiac shadow is retracted to the right. Impres- 
sion; Pulmonary tuberculosis with fibrosis of the lung. 



Fig. (5, n. — January 20, 1930, Unilateral opacity of the entire right chest. Heart 
displaced to the left. No pulmonary markings noted. Signs of fluid. An aspiration 
showed a large amount of purulent fluid. 

Fig. 0, (). — February 5, 1930. Film of patient after thoracostomy and drainage. 
The lung is partially expanded. Surgical pneumothorax (Dakin tulxjs in place). 
The heart has returned to its proiwr position. Diagnosis: Empyema, right pleura. 




a 


b 


Pig. 7, a . — March 6, 1930. Photograph taken before the operation, sho'n’ing edema 

of face and arms. 

Fig. 7, 6. — March 21, 1930. Photograph showing the condition after the decom- 
pression operation. Note the diminution of the swelling, also the scar. 
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1200 cc. of thin straw-colored fluid. The laboratory findings were negative. 
There were repeated aspirations. A diagnostic pneumothorax was done. 

Roentgen ray examination: (Fig. 1, o.) February 24, 1930: Unilateral 
opacity in the right chest from the first anterior rib which merges with the 
shadow of the liver. The heart and upper mediastinum are pushed toward 
the left. There is compensatory air content in the left lung. Fig. \,h, 
film taken, February 24, 1930, after the aspiration of 400 cc. of clear fluid 
and the replacement by 100 cc. of air (diagnostic pneumothorax). A dense 
mass is now visible and a fluid level at the base is noted. The patient was 
slightly rotated to exaggerate the shadow. Diagnosis : Mediastinal tumor, 
probably Hodgldn’s disease or l 5 Tnphosarcoma. 

The diagnostic pneumothorax disclosed a dense mass (Fig. 1, &), appar- 
ently mediastinal, with collapsed right lung and free fluid in the pleural 
cavity. Mter the aspiration of 300 to 500 cc. of fluid the edema of the 
face, neck and arm diminished. It was, therefore, presumed that there had 
been definite compression of the superior vena cava. 

After the analysis of the signs, symptoms and Roentgen-ray studies the 
following diagnoses were considered: (1) Mediastinal tumor, Hodgkin’s 
disease; (2) serofibrinous pleurisy, tuberculosis; (3) atelectasis of the lung 
due to fibrosis; (4) endothelial tumor. 

As the shadow in the right chest was homogeneous, the question arose 
whether the lung or the pleura was involved. Only a small part of the 
injected iodized oil entered the right bronchial tree because in all probability 
there was a pathologic compression of the main bronchus. Confirming 
this probability was the presence of fluid in the pleura. The blood picture 
was somewhat suggestive of Hodgkin’s disease. The aspirated fluid was 
centrifuged, but no tumor cells were found. The sputum was consistently 
negative for tubercle bacilli. No glands were palpable for biopsy. 

Deep Roentgen ray therapy was started on February 24 and was con- 
tinued at intervals of several weeks. As the mass did not disappear after 
several Roentgen ray exposures and the dyspnea and cyanosis became 
alarming, it was decided to do a decompression of the anterior right chest. 
Dr. Evarts Graham removed portions of the second and third right costal 
cartilages. When the mediastinum was exposed a large firm, sUghtly gray, 
nodular mass was found firmly attached to structures within the chest wall 
and presenting all the characteristics of a mahgnant tumor. The diagnosis 
of a small portion removed for microscopic examination was Hodglcin’s 
disease. Following the operation the edema of face, neck and hands 
disappeared and the patient steadily improved. The question arose as to 
whether the Roentgen ray treatment or the decompression produced this 
change. 

Following the operation, the wound healed promptly and the patient 
improved remarkably. She was discharged from the hospital, March 25, 
1930, and has returned from time to time for observation and Roentgen 
ray treatment. Improvement was marked for 7 months, at which time 
metastasis occurred in the right chest wall involving the 3 lower ribs. 

In the light of all the clinical data, a diagnosis of tumor of the mediasti- 
num (Hodgldn’s disease) was made. A study of the Roentgen ray films 
shows how much information may be obtained by a diagnostic pneumo- 
thorax. (Fig. 7, a and b.) 

Case 2.— Carcinoma of the Left Lung With Metastasis to the Ilium. C. S., 
a woman, aged 65 years, was admitted to the Barnes Hospital, February 
23, 1924, with a chief complaint of pleurisy on the right side. 

In November, 1923, her right ankle was swollen for 1 week. She also 
noted at that time a dull pain at the right waistline which lasted 2 weeks. 
She suddenly became dyspneic and went to bed. There was no fever, 
cough nor pain in the chest, but the pain at the waistline persisted. On 

vot,. 1S3, NO. 3. — mauch, 1932 1-1 



304 


' singer; unilateral ORACITIES IN CHEST FILAIS 


December 9, 1923, the patient \yas taken to a hospital after an aspiration 
showed the presence of scrovis fluid. Several thoracenteses were performed; 
each time 500 to 1000 cc. of similar fluid were obtained. All the patient’s 
Roentgen ray films taken in December before leaving the hospital showed 
a right unilateral opacity of almost the whole right chest. Three weeks 
before admission to Barnes Hospital a “hacking” cough had developed, 
but the dyspnea was better. A week later her right leg ivas painful when 
walking. She had a poor appetite and lost 20 pounds in weight. 

The physican signs at the time of admission showed flatnes.? and absent 
breath sounds in the right chest with eompensatorj’’ sounds in the left lung. 
The heart was not displaced. 

Roentgen ray e.vamination: (Fig. 2, a.) February 23, 1924; The 
Roentgen ray film sliowed a unilateral opacity in the right chest from the 
first rib and merging with the shadow of the liver. (Note similarity of 
Fig. 1, a.) Fig. 2, h, a film taken, February 23, 1924, after the aspiration 
of 400 cc. of fluid and the replacement of 100 cc, of air. The dense mass 
made visible b 3 ' the diagnostic pneumothorax and a fluid level were noted. 
It is evident from this study that a distinct tumor was pre.sent in the right 
lung. (This was later proven by operation.) 

In order to establish the factors producing the dense .shadow a thoracen- 
tesis was done, followed bj’' a diagnostic pneumothorax, A fluoroscopic 
examination was then made. Bj' viewing the patient in the lateral, upright 
and inverted jrositions, the injected air made it possible to outline a tumor 
mass in the midportion of the right lung. 

A clinical diagnosis of questionable malignancy of the lung was made on 
the- folio-wing data: Age, duration of disease, absence of fever, genera! 
weakness and signs of metastasis in the ihum. 

Discumon. The probable diagnosis before the aspiration and the 
peumothorax were done was similar to Case 1, that is, a massive tumor of 
the chest with fluid in the pleura. After the air was introduced the proba- 
bilit 3 ’- of a lung abscess or lung tumor was considered. The lesions in the 
liver and right ilium suggested metastases. An operation disclosed a mass 
in the right lung, a section of which showed this to be a bronchogenic 
carcinoma. 

This case also shows how a diagnostic pneumothorax may help in the 
interpretation of the Roentgen ray film, , 

Case 3 . — Cysts of the Right Pleura (Echinococcus or Amcphicf). J.W., 
a man, aged 41 years, was admitted to the Barnes Hospital, Januar 3 ’’ 28, 
1930, with the folio-wing complaints; Pain in the right chest, productive 
cough, shortness of breath, weakness, loss of rveight and nightsweats. 

The significant points of his past history^ were as follows: At about 12 
3 fears of age the patient worked in a slaughter house after school for a 
period of 2 3 mars, At that time he had repeated attacks of diarrhea and 
occasional attacks of sore throat. He had three attacks of “quinsy” and 
had occasional attacks of pain in the right shoulder, radiating anteriorly 
around the chest and localizing in the right upper quadrant. A^omiting 
without nausea had occurred at intervals of 1 to 2 weeks for man 3 ^ 3 '-ears. 
In August, 1 928, he was jaundiced for a period of several weeks. 

His present illness began in Jatiuar 3 q 1929, with severe attacks of pain 
in the right shoulder, radiating to the right upper quadrant associated 
with jaundice. He was sent to a hospital, where a tentative diagnosis ot 
carcinoma of the liver, cho!ec 3 'stitis and cholelitliiasis was made. At opera- 
tion the gall bladder and appendix were removed. No stones were founa 
in the gaU bladder, however, and this organ did not seem definitely diseasea. 
For some time folio-wing the operation jaundice persisted and the patient 
still complained of pain in the right upper quadrant. Convalescence was 
otherwise uneventful and the patient returned to his home. 
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In June, 1929, his symptoms— cough, productive of white sputum, night- 
sweats and weakness — became more marked, and he developed a sudden 
sharp pain in the lower chest. He reentered the hospital, where evidence 
of fluid in the right pleural cavity w'as found. A thoracentesis was per- 
formed and about “1 gallon of pink-colored fluid” was obtained. Several 
other thoracenteses were performed; large amounts of fluid were with- 
drawn. The patient stated that this fluid was of a dark reddish-brown color 
After 2 weeks in the hospital he was discharged. During the following 
months his symptoms were slightb'^ improved. 

In November, 1929, the patient had another attack of “quinsy” and in 
the same month had a tonsillectomy. About Christmas time all his 
I symptoms became aggravated. Two weeks before admission to the 
Barnes Hospital his family physician attempted a thoracentesis, but no 
fluid was obtained; a second attempt was made with success. At the time 
of admission to Barnes Hospital the positive physical findings were flatness 
on percussion over the entire right chest, diminished breath sounds and 
diminished and absent vocal fremitus over the same area. The heart was 
moderately displaced to the left. There was harsh compensatory breathing 
over the entire left chest. No rales were heard. The abdomen showed a 
right rectus scar. There was tenderness along the right costal margin and 
the liver was palpable 2 finger breadths below the costal margin on the right. 

Roentgen ray examination; (Fig. 3, a.) January 28, 1930: Unilateral 
opacity of the entire right thorax. No lung detail is noted. The left lung 
is normal. No definite diagnosis could be made, although many possibilities 
were suggested. A diagnostic puncture was made, pinkish-yellow fluid 
resembling pus was withdrawn and 100 cc. of air were introduced; a small 
amount of iodized oil was also introduced into the pleural cavity. Fig. 3j b, 
film taken, on January 31, 1930, with the patient lying with the right side 
up. The diagnostic pneumothorax shows the presence of a large encysted 
collection of fluid and a smaller one below (this is well outlined with lipiodol). 
At operation a large cyst was noted in the right pleura, but no booklets 
(echinococcus) were found. Diagnosis: Echinococcus (?) cyst or amoebic 
abscess. 

Discussion. The history and physical signs suggested an empj'ema fol- 
lowing the gall bladder operation. This condition maj’^ or may not have 
been associated with a pulmonary abscess or subphrenic abscess, although 
there was no sputum for several weeks. 

The historj'" of long-standing diarrhea with bloody discharges, and the 
fact that amoeba' were found in the stool, suggested an amoebic abscess of 
the liver with secondarj’ involvement of the jfleura. The complement 
fixation test for echinococcus infection was 24- on two occasions, llecause 
of the similarity of the signs and symptoms of echinococcus and amoebic 
infections we were in doubt of the diagnosis. A Casoni test was negative. 
Treatment with emetin was instituted. 

Case 4.— Compressing (he Left Bronchus {Massive Alelcciasis) . 
J. S., a man, aged forty-eight years, was admitted to the Barnes Hospital 
on December 4, 1928, complaining of pain over the heart, shortness of 
breath, loss of 20 pounds of weight and a cough. The ])atient gave a history 
of having always been well until about June, 1928, when he noticed he w.as 
short of breath; however, he had previously noted a “neuritis” across the 
upiier back and shoulders which was aggravated by exertion. Two months 
before entering the hospital he had some pain over the region of the heart, 
which gradually became Avorse. Just 10 days before admission a cough 
which seemed associated with the pain over the heart was noted and the 
sputum was frequently blood streaked. 

Phvsieal findings upon admission showed a tracheal tug, and the chest 
c.vamination .showed the left side to be smaller and the inovements less 
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than on the right; physical signs showed evidence of compression of the 
bronchi of the left lung and fluoroscopy and Roentgen ray films showed a 
high immobile left diaphragm with density tliroughout the left lung field. 
The heart cKamination showed expansile pulsation in the first intercostal 
space left, 3.5 cm. to the left of the sternum. The heart measured 14 cm. 
to the left. The sounds were loud; there was a systolic murmur over the 
precotdium and a diastolic murmur heard best along the left border of the 
sternum. The blood pressure was 126 systolic and 45 diastolic intheleft 
arm and 126 systolic and 54 diastolic in the right arm, 

_ The sputum was negative for tubercle bacilli, occasionally it was blood 
tinged. The urine was negative. The Wassermann and Kahn tests were 
4+. The patient’s blood count showed 5,200,000 red blood cells, 90 per 
cent hemoglobin and 11,300 white blood cells. ' 

_ Bronchography showed lipiodol blocked at the main left branchns. A 
diagnostic pneumothorax showed a pulsating shadow in the upper mediasti- 
num, left. The left lung was collapsed and a small amount of fluid was 
seen at the base. On December 17, 1928, 350 cc. of pink opalescent fluid 
were aspirated from the left pleural cavitj"^; 175 cc. of air were introduced, 
and it was seen that the mediastinum was still displaced. A few days later 
150 cc. of blood-tinged fluid were aspirated from the left pleural ca\dty. 

On December. 26, 192S, paradoxical movement of the left diaphragm 
was noted. On this same da}^ the patient had been coughing up blood, 
but was in good condition. During the night he was awakened from sleep 
by a massive hemorrhage in the mouth; he then lost consciousness in a few 
moments and died. An autops 5 ^ was performed disclosing a ruptured 
aneurysm of the aorta; the aneurysm had obstructed the left bronchus and 
had given rise to a massive atelectasis of the left lung. 

Roentgen ray e.xamination: (Fig. 4, a.) October 30, 1928: Unilateral 
opacity of the entire left side. Kote the deviation of the trachea (left). 
No cardiac shadow is seen in the right side. The physical signs suggested 
fluid and aneuiysm. Diagnosis: Stassive collapse due to obstruction of 
left main bronchus. (Fig. 4, h.) December 10, 1928; Lipio_dol_ shows 
complete obstruction of the main left bronchus. Note the visibility of 
the vertebrae as a result of the retraction of the left lung. Autopsy dis- 
closed rupture of aneurysm of the aorta and massive atelectasis of left 
lung, probably from compression of left main bronchus. 

Discussion. The lustory and physical findings of tlfis case are quite 
suggestive of aneurj^sm. The various examinations suggested syplulis 
with aortic aneur 3 'sm but the unilateral opacity' confused the picture. 
We thought that there was a tumor compressing the left main bronchus. 
Following the diagnostic pneumothorax, one could readily see from the 
Roentgen ray film that the aortic shadow w’as not much enlarged. 
from an atelectatic lung could be due to an intrabronchial tumor. There 
were no glands for biopsy. Bronchoscopy was considered as a diagiwstic 
measure, but the danger of rupture of an aneurysm, if present, delai'ea the 
procedure. Postmortem showed an aneurysm of the arch of the aorta 
which had ruptured into the left main bronchus. The aneur}'’sm itself was 
quite small, compressing the lumen of the bronchus alniost to obliteration. 

Case 5.— Tuberculosis of the Bight Lung {Atelectasis). T. W., a white 
man, aged 32 3 'ears, had symptoms of tuberculosis in the right lung vnui 
positive sputum. He had pneumothorax treatment elsewhere which was 
complicated later by massive pleural effusion. Repeated aspirations were 
done. On admission the physical signs were dullness throi^liout ana 
bronchial breathing tliroughout the right chest, but no rales. His gen 


condition was excellent. 
Roentgen ra 3 ' e.xamination: 


(Fig. 5,«.) June 6, 1929: Lipiodol intro 
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duced by the aspiration method shows the trachea and' the main right 
bronchus dilated, the upper bronchus blocked, the middle partially and the 
lower one blocked completely. The left bronchial tree is normal. There 
is some oil in the stomach. Diagnosis: Pulmonary tuberculosis with 
fibrosis and partial atelectasis of the right lung. (Fig. 5, b.) September 6, 
1929: Unilateral opacity of the right lung. Note the deviation of the 
trachea to the right. Below the right clavicle there is a crescentic-like area 
of rarefaction. The right diaphragm is not visible. The left lung shows 
compensatory air content. The cardiac shadow is retracted to the right. 
Impression: Pulmonary tuberculosis with fibrosis of the lung. 

Discussion. As the Roentgen ray film shows a unilateral density the 
state of the bronchial tree is not apparent. B 3 ’' the introduction of the 
iodized oil its true condition was demonstrated. A diagnostic chest 
puncture was made to rule out the presence of fluid. 

This case demonstrates the value of iodized oil in analyzing the condition 
of the bronchial tree. 

Note. — T he iodized oil was introduced by the aspiration method without 
the use of a local anesthetic. No reaction followed. 

Case 6. — Empyema, Rigid Pleural Cavity. L. F., a white boy, aged 
15 years, was admitted to the Barnes Hospital, January 20, 1930, with a 
diagnosis of pneumonia. On December 9, 1929, he had an attack of 
pneumonia of the left lung which lasted 9 days. He seemed to be improv- 
ing until 2 weeks before admission, when apparently pneumonia developed 
on the other side of his chest. At admission there were signs of consolida- 
tion.' and of fluid over the entire right chest, vdth rapid pulse (145), rapid 
respiration, cough, some expectoration of frothy fluid and cyanosis.^ , 

Roentgen ray examination: (Fig. 6, a.) January 20, 1930: Unilateral 
opacity of the entire right chest. Heart displaced to_ the left. No pul- 
monary marMngs noted. Signs of fluid. An aspiration showed a large 
amount of purulent fluid. (Fig. 6, 5.) Februar}’’ 5,1930: Film of patient 
after thoracostomy and drainage. The lung is partially expanded. Surgi- 
cal pneumothorax (Daldn tubes in place). _ The heart has returned to its 
proper position. Diagnosis: Empj'^ema, right pleura. 

Aspirations of pus were made on January 21 and 22 followed by some 
relief. Because of the displaced heart and mediastinal contents, rapid pulse, 
fever, dyspnea and cyanosis, open drainage was dela 3 ’^ed until January 24, 
when a thoracostomy with rib resection was performed by Dr. Graham. 
The cavity diminished in size rapidly and the patient was discharged on 
March 4, *1930. 

Discussion. The liistory and physical signs and the Roentgen ra 3 ’' 
examination suggested fluid throughout the right chest, even before diag- 
nostic puncture. The heart was displaced be 3 ’-ond the left mammar 3 ’- line; 
the trachea was not displaced and the diaphragm was not high. These 
findings show no evidence of massive collapse. Against pneumonia was 
the evidence of displaced mediastinum and the clinical histor 3 ^ The 
fluid aspirated proved to be thick pus. It was onl 3 '- after the aspiration of 
the pus that the true character of the disease was recognized. 

Summary. The correct diagnosis of those conditions of tlie chest 
which produce unilateral opacities in the Roentgen ra 3 ^ films cannot 
be made from the Roentgen ra 3 ' film alone. Six different cases 
have been presented in support of this view. The correlation of 
histoiy and physical signs with the diagnostic procedures of bron- 
chograply’ and diagnostic pneumothorax arc necessary. 
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SUPERFICIAL THROMBOPHLEBITIS: A NEW CAUSE OF 

CHEST PAIN. 

By ^VoRTH B. Daniels, M.D., 

CWNtCA.1. rnOFESSOR or medicine, GEORGETOWN UNIVERSITY, WASHINGTON, D. C. 

(From the Medical Department of Georgetown University School of Medicine.) 


During the past 3 3 'ears I have encountered 5 instances of pain 
in the chest due to an unusual cause. In an extensive review of the 
literature no mention is to be found of this entitj'' as an etiologic 
agent of thoracic pain. It seems, therefore, worth while to report 
these cases as an aid in differential diagnosis. 

Case Reports. Case 1. — A colored male, aged 45 years, was seen on 
the wards of Garfield Memorial Hospital during the summer of 1927. 
This was a week following the onset of pain in the right chest, which was 
accentuated by deep breathing. He complained, too, of tenderness over 
the right lateral chest. On examination a tender sinuous cord, roughly 
0.4 cm-, in breadth, could be felt in the subcutaneous tissue. This cord 
extended from the right epigastrium upward and laterally to a point just 
outside the nipple where it was no longer palpable. It could be rolled 
under the fingers and was distinctl}' tender on palpation. The examination 
of the chest was otherwise normal. The further course is unknown. 

Case 2. — P. S.L., a colored female houseworker, aged 47 years, was 
seen in the outpatient department of Garfield Alemorial Hospital on 
.July 11, 192S. She complained of pain in the left chest of 3 weeks' dur.ation. 
'The pain was accentuated by deep breathing and by pressure. There had 
been no cough or other si-mptoms. No history of injurj". One wees 
previously a member of the staff had made a diagnosis of pleurisy ana 
strapped the chest with adhesive. This gave no relief. On exaroinatiom 
after the strapping had been removed, a rounded cordlike structure couiu 
be felt running from the left epigastrium upward toward the axilla anci 
passing just lateral to the left breast. The cord could be rolled under tne 
fingers and was distinctly tender. The treatment consisted only of com 
applications for relief of pain. The patient was again seen 6 months later 
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when there was no remaining abnormality. There had been no recurrence 
of pain. 

Case 3. — T. C.E., a white male Government employee, aged 50 years, 
was seen in my office on July 28, 1928, complaining of pain in the right chest 
just lateral to the nipple line. There was no relationship to deep breathing 
but the pain seemed to be distinctly increased on raising the right arm. 
Seven Aveeks before the present trouble began, a partial resection of the 
colon had been done because of acute diverticulitis. This was done through 
a left rectus incision but an enterostomy tube was left in the right lower 
quadrant for a few daj’^s postoperative. On examination of the chest there 
was localized tenderness in a line extending from the fourth interspace just 
lateral to the nipple doAvnward and medially as far as the seventh interspace. 
A distinct cordlike structure about the size of a goose quill could be felt 
in the subcutaneous tissue. This cord could be rolled under the fingers 
and was quite tender. The temperature was normal. The postoperative 
course had been uneA’^entful and there was no effidence of wound or skin 
infection. The pain and tenderness disappeared quickly without treatment. 
At present the cord cannot be felt and there are no residual symptoms. 

Case 4. — H.E. G., a white male office Avorker, aged 26 years, came into 
my office on February 6, 1929, complaining of pain in the right chest. He 
had had a healthy life and his past history threAA’’ no light on the present 
illness. Tavo Aveeks preAnously he noticed pain in the right chest near the 
costal margin in the region of the nipple line Avhen he raised his arm. There 
also Avas tenderness on pressure in tliis region. A fcAV days later the pain 
shifted upAvard to the sixth interspace, just lateral to the nipple line, and 
became more acute, lliere Avas an accentuation of the pain on deep breath- 
ing, coughing or sneezing. He applied local heat and massaged the area 
Avith counterirritants, but the pain persisted. Examination revealed a 
AA^ell-nourished, healthy looking young man Avith a temperature of 99.6° F. 

. On the anterolateral portion of the right chest extending from the fifth 
interspace just lateral to the nipple line doAvmvard and medially to the 
epigastrium, a tender, rounded cord Avas palpated. This cord Avas about 
0.3 cm. in breadth and could be rolled under the fingers. There Avas no 
tenderness except on direct pressure on the cord. When the arm Avas 
raised there was puckering of the subcutaneous tissue throughout the 
length of the structure described. It AA^as not otherAAose visible. No treat- 
ment Avas instituted except local cold applications for relief of pain. On 
February 14, 8 days later, the patient AA'as seen again. The pain and 
tenderness in the original cord had disappeared, but it AA\as firmer and more 
easily felt. Its course Avas longer, extending from 1.25 cm. above the 
costal margin to the level of the nipple. Its direction AA^as toAAnrd the 
axilla. A similar tender sinuous structure AA’as noAA' noted running trans- 
versety from the original cord as far as the anterior axillary line at the 
level of the nipple. Physical examination othei'AA'ise revealed no abnor- 
mality. The urine Avas entirely normal, the leukocyte count was 9650; 
])olymorphonuclear neutrophils, 75 per cent; large mononuclears, 2 per cent; 
transitionals, 2 per cent; lymphocytes, 21 per cent. 

Taa'o days later there AA-as again a slight return of tenderness in the first 
vein iiiA'olved, but less tenderness in the tributary. Ten days later all 
tenderness had disappeared from both A’eins and only the original cord 
could be palpated oA'cr a A-ery short course. On June 28, 1929, 4 months 
after the first disturbance, the patient returned, complaining of exacth’ 
the same trouble but in the opposite chest. There AA-as pain in the left 
chest on deep insjhration, on raising the left arm and distinct tenderness 
along the course of the vein. The A'ein iuA'olved AA-as sinuous and markedh' 
tender. It could be rolled under the fingers and extended about 12.5 cin, 
in length. Its course AA-as vertical about 4 cm. lateral to the left nijiple. 
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The temperature was 99.8° F. The leukocj^e count was not unusual, 
liixamination again was otherwise normal. 

A^Oien seen 5 months later there was no palpable or visible abnormality 
on either side of the chest. The patient has remained well. 

Case 5. — Miss A. L., a white, unmarried Government employee, aged 
46 years, came into the office on December 20, 1929. She complained of 
a sense of_ tightness in the lower left chest and upper epigastrium just lateral 
to the midline. This had developed 3 or 4 months previously and was 
associated with rather acute discomfort in the chest on deep inspiration. 
Soon after the onset the patient discovered a tender cord beneath the skin 
of the lower chest and upper epigastrium. Her pre^dous historj’’ revealed 
nothing wliich threw light on the present illness. She had been thoroughly 
studied by me about a j'ear before, because in a routine ophthalmologic 
examination an early retinal arteriosclerosis was noted. At that time, 
aside from the general atherosclerosis, albuminuria and cylindruria, no 
abnormalities were found. There was no enlargement of the heart and the 
kidney function was normal. The blood pressure was 120 systolic and 80 
diastolic. On examination a distinctly tender subcutaneous cordlike struc- 
ture about 0.3 cm. in diameter could be felt and rolled under the fingers. 
The cord extended from just above the umbilicus cundng upward and 
outward almost to the left nipple. No treatment was advised. One month 
later the patient notified me that the sinnous structure had gradually 
extended downward to the umbilicus and then slowly disappeared.'^ She is 
at present entirely well. 

Comment. The obvious diagnosis in all these cases is a thrombo- 
phlebitis involving a superficial vein, which extends from the axilla 
dowmvard and slightly medially toivard the region of tlie umbilicus. 
It is most probably the thoraco-epigastric branch of the axillary 
vein. It is interesting that in each instance the pain is accentuated 
by deep breathing due undoubtedly to the stretching of the involved 
vein over the flaring costal border. In Case 2 the pain was so like 
that of fibrinous pleurisy that a member of the dispensary staff had 
previously strapped the chest. In no case was the cordlike vein 
visible and its presence wms only recognized by gently passing the 
fingers over tlie skin of the chest. It is probable, therefore, that 
added attention to palpation in instances of chest pain will reveal 
more cases of superficial thrombophlebitis. 

No etiology was ascertained for the disturbance reported except 
in Case 3. Here the -tlu'ombophlebitis was probably secondary to 
a low-grade infection of the abdominal incision. In none of Ae 
cases w'as there a history of syphilis or trauma. There was nothing 
present which could cause local stasis and there was no infection 
of the adjacent skin or subcutaneous tissue. 

In 1922 Fiessinger and Matliieu^ reported 3 cases of thrombo- 
phlebitis of the thoraco-abdominal ivall following grippe-like mfec- 
tions. Two of their cases involved largely the abdorainal portion 
of this same vein, the other was practically identical with the cases 
under discussion. Pain was not a feature in their report, thougii 
1 patient did complain of slight epigastric discomfort. It is easily 
conceivable that painful involvement of the abdominal segmen o 
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the vein might give trouble in the differential diagnosis of upper 
abdominal pain. 

Summary. 1. Six insta,nces of thrombophlebitis of a superficial 
chest vein are reported. 

2. Chest pain was the predominant symptom. 

3. Recovery without complication was the invariable outcome. 


Note. — Since acceptance of tliis paper, a case report by Dr. George A. AVilliams, 
of Atlanta, describes in the Journal of the American Medical Associaiioii, 1 case wth 
identical findings. This case was associated with dyspnea, 
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THE SIGNIFICANCE OF THE COLLOIDAL GOLD REACTION AS A 
DIAGNOSTIC AND PROGNOSTIC AID IN NEURO SYPHILIS.* 

By Frederick G. Novy, Jr., M.S., M.D., 

INSTRUCTOR IN DERMATOLOGY AND SYPHILOLOGY, UNIVERSITY OF MICHIGAN MEDICAL 

SCHOOL, ANN ARBOR, MICH. 


From the time Lange, in 1912, published his results on the col- 
loidal gold reaction there has been a great deal written, particularly 
as to its value in differentiating the various forms of central nervous 
system syphilis. As is well loiown, considerable difference of opinion 
exists as to its specificity, especially in types other than general 
paresis. Information on the effect of antisyphilitic therapy on this 
test has for the most part been scanty, references being found either 
in a general discussion of the reaction or in the results with some 
type of treatment. Here again, the conclusions regarding the value 
of the changes found have been varied. 

For these reasons, a study has been undertaken in this clinic to 
determine the correlation between the clinical diagnoses and the 
colloidal gold reactions in cases of untreated neurosj^philis and the 
type of change found in cases undergoing treatment. jMost of the 
material for this study came from cases admitted to the department 
of dermatology and syphilology in the last 5 years. A few cases, 
however, were seen in the department of neurology. The clinical 
diagnosis was made only after the patients had been thoroughly 
studied. 

The colloidal gold reaction was performed in the serological 

* Studips and contributions of the Department of Dermatology and Syj>hriolog 3 - 
of the Universitj’ of Michigan Medical School. scr\-ice of Dr. Udo J, Wile. 
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laboratory of the liospital. All colloidal gold solutions employed 
conformed to the following requirements: (1) Transparency of a 
brilliant salmon color with no trace of blue; (2) 5 cc. decolorized 
by 1.7 cc. of a 1 per cent sodium chlorid solution; (.3) neutrality to 
alizarin red; (4) typical paretic curve with known paretic spinal 
fluid; (5) no chanp in color beyond a faint “red-blue” with a known 
normal spinal fluid. As a reducing agent in the preparation of the 
colloidal gold solution, formaldehyde was used up to September, 
1929, and glucose since then. 

The tests were carried out in the usual manner. The spinal fluid 
dilutions in 0.4 per cent sodium chlorid solution ranged in a series of 
10 tubes from 1 to 10 to 1 to 5120. After adding the colloidal gold 
solution to each tube, as well as to a saline control, the mixture rvas 
incubated overnight at room temperature, when the final results 
were read. Complete decolorization of the fluid was noted as “5;” 
pale blue ivas read “4;” distinct blue as “3;” a color approaching 
lilac as “2;” and a bluish tint as "1.” The “curves” given by the 
colloidal gold test with pathologic fluids are generally familiar to 
medical readers. 

Relation of the Colloid Gold Reaction to Clinical Diagnosis. For 
this part of the study 700 cases irere inr^estigated. Of these there 
were 500 cases of neurosyphilis embracing 100 each respectii'ely of 
early central nervous system involvement with primary or secondary _ 
syphilis, general paresis, tabes dorsalis, taboparesis, and diffuse 
cerebrospinal syphilis. This latter group includes vascular, meningo- 
vascular, and other types not falling into the other groups. As 
controls to this group 200 cases of syphilis without central nervous 
system involvement were used, namely, 100 cases of latent syphilis 
and 100 cases of hereditary syphilis. The diagnosis was made on 
all these cases from the clinical picture and other findings irrespective 
of the colloidal gold. 

. Lumbar punctures were performed as a routine measure on the 
patient’s entrance to the clinic before any treatment was instituted. 
Care was taken in collecting specimens so that they did not come in 
contact with any substance which might give an untrue reaction. 
Any fluids containing blood have not been used as it has been shown 
by Black,* Kellert,- and others that false reactions can be 
obtained. • 

For the sake of brevity and to do awa.y witli long columns of 
colloidal gold reactions, I have tabulated the curves, first, into the 
zones where the greatest color change takes place as sug-gested by 
Felton and Maxcy^ and, second, by the maximum intensity of this 
color change in one or more tubes. For example, a curve of this 
nature 0012332100 wmuld be placed in Zone II, opposite 3, m the 
column showing the degree of color change. This is somewhat similar 
to the method that Larkin and Cornwell® employed, except that they 
did not divide their curves into zones. 



Table 1. — Spinal Fluids of 700 Cases of Various Types of Syphilis Showing Zone of Colloidal 

Gold Reaction and Maximum Color Change. 

Reaction Zone I = greatest precipitation in first tubes containing higher concentration of spinal fluid; f. c., 55|54l32110100. 
Reaction Zone II = greatest precipitation in middle tubes containing moderate concentration of spinal fluid; i. e., 00|12132|10100. 
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Latent and Hereditary Syphilis. As a control to the group of 
cases showing neurosyphilis, we have used 100 cases of syphilis 
which show no evidence of cerebrospinal sjTrhilis or active visceral 
involvement, and also 100 cases of hereditary syphilis with no 
clinical central neiwous system manifestations. 

In the group of latent cases (Table 1), 36 were entirely negative 
while 49 showed a maximum color change of “1,” which falls well 
within normal limits. Eleven cases had a color change of “2.” 
Greenfield and CarmichaeF also consider these slight reactions in 
normal limits. None of these cases had any suggestive evidence of 
cerebrospinal involvement on examination and their spinal fluids 
were othemdse entirelj'' negative. Four cases of this group had a 
color change of "3.'” One of these patients had slightly hyperactive 
reflexes and another had slight inequality of the pupils. Both of 
these eases showed no further evidence of central nervous system 
involvement on subsequent examinations. Outside of this change in 
gold sol their spinal fluids were negative. The other 2 cases pre- 
sented no abnormality on examination and their spinal fluid was 
otherwise negative. 

Larkin and Cornwell*' found in a group of latent syphilitics some 
cases having color changes as marked as “4.” They* also found in 
epileptic patients 8 per cent with curves of “3” or higher. Miller,® 
Cocliill,i*> and Miller and Levy” all showed somewhat the same 
changes in similar groups. Warwick and Nixon” conclude that 
patients without syphilitic involvement of central nervous system 
give no colloidal gold curve, but one of their cases shows a curve of 
“3” and another one of “4.” 

In the congenital group 97 of these cases are within the usual 
normal range of reaction. However, here again one sees a few cases 
which have definite colloidal gold changes without any other confirm- 
atory signs of nervous system involvement. The one case (Table 1) 
showmg a precipitation of “4” had a syphilitic osteomyelitis of 
the frontal bones of the skull, but the neurologic examination was 
negative as well as the other spinal fluid findings. 

In regard to these 2 groups of cases, the normal reaction could be 
considered to be “2" or less, but it should be kept in mind that from 
3 to 4 per cent w’ill show marked changes and the clinical and other 
laboratory examinations ■will be entirely negative. 

Central Nervous System Involvement With Primary or Secondary 
Syphilis. All of the cases in this group at the time of the lumbar 
puncture showed actNe syphilis either in the primary or secondary 
stage. Also, most of them gave evidence clinically of some cerebro- 
spinal involvement either by sjmiptom, such as headache, dizziness 
or general malaise, or from examination, having either leukoderma 
colli, essential alopecia, hyperactive reflexes, or other signs of menin- 
geal irritation. In many of the cases the cell count was extremely 
high, 200 to 300. The types of curves varied considerably, irom 
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10 which were negative to 8 definitely of the so-called paretic type. 
Five more cases were also rather high in Zone I, having a color 
change of “3.” This finding is most interesting when one’ considers 
that 13 per cent of these early cases gave colloidal gold curves 
usually associated with general paresis. A much larger group showed 
the rather high middle zone curve which is associated with diffuse 
involvement. There were 49 cases of this class. 

Stokes^® has found the paretic curve rarely in this type of case, 
but further states that it does not necessarily mean a paretic out- 
come. The outcome of these cases in this series will be further 
discussed under therapy. Solomon‘S also has found that most of 
the curves are weak, but that the stronger reactions are occasionally 
met with. Moore^® in a very extensive article on early nervous 
system involvement in syphilis found a rather large group with a 
paretic type of curve. Fordyce' ® also states that it is frequently seen. 

General Paresis. Since the introduction of the colloidal gold test 
it has been thought that a strong precipitation in the first tubes was 
nearly a uniform diagnostic finding in general paresis. Our results 
tend to bear this out for the most part in that 65 of the cases had a 
Zone I change with a maximum color change of “ 5 ,” while 19 others 
presented the same type of curve but the maximum color change 
was of less intensity, “3” or “4.” Nine cases gave slight changes 
which in view of the control series should be regarded as normal. 
Curves showing strong middle zone reaction also occurred in 9 cases. 

In the latter 2 types most of the cases are early, with only slight 
mental deterioration. Under treatment only 2 later showed the 
typical high first zone reaction. 

The incidence of “paretic” curves in paresis varies from 100 per 
cent found by Miller and Le^ 7 ^l^ to 84 per cent found by Rawlings. 
Many others have reported on this type of syphilis and most of their 
reports average about 90 per cent typical curves. Thompson^® 
in a large series, 639 cases, found 92.2 per cent high Zone I curves. 

Differentiation of paresis into early and advanced types by 
Larkin and Cornwell® showed about 98 per cent of the advanced 
types had the “paretic” curve, while only 66 per cent of the early 
form showed this reaction. Our series is somewhat lower than that 
usually reported and this may in part be accounted for by the fact 
that we see many patients whose symptoms are of short duration 
and not particularly marked. Likewise reports from psychiatric 
institutions where a good deal of this work has been done would 
tend to be higher. 

Tabes Dorsalis. The reactions found in this group are of much 
less intensity than found in general paresis. Forty-two cases gave 
nprmal reactions, 4 of them being entirely negative, IS showing 
only a precipitation of “1” and 20 showing a precipitation of “2.” 
The rather high middle zone cmves usually considered typical of 
tabes was found in 47 cases, while the “paretic” type was noted in 
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11 cases.^ Of tliis latter group 4 changed from a “paretic” curve to a 
“tabetic” curve later under treatment. 

It is most important to note that in this type of involvement one 
finds such a large percentage (42) having normal response in the 
colloidal gold. Larkin and CormvelL in a small series of 22 cases 
had 50 per cent fall into this group. Greenfield and Carmichael’ 
in a much larger series also found a high per cent (40) with normal 
curves. On the other hand, especially by earlier authors, tabes was 
considered to give a rather uniform type of reaction; some, such as 
Lee and Hinton,''’ reporting uniform high Zone II curves. As has 
been noted frequently before, this series presents also an appreciable 
number of “paretic” curv'cs. 

Taboparesis. One would expect to find the reactions of this group 
about midway between that of tabes and paresis, and such is the 
case. The number of high first zone cun-es -are half the number 
that were found in general paresis, while there is marked increase 
of the number of weak reactions, 4 of the cases being entirely nega- 
tive. There is a subsequent decrease of the strong middle zone 
reaction of the tabetic group. 

Diffuse Cerebrospinal Syphilis. The reports on this tj'pe of nenmus 
system involvement are varied, but they agree in the main that 
there is no characteristic reaction of the group, the middle zone 
type of reaction being met with most frequently. Nearly all showed 
some “paretic” curv'es. In the cases reported by Thompson'® 
50 per cent showed a “paretic” cun'e. He concludes that colloidal 
gold is of no A’alue in difi'erentiating bet\veen cerebrospinal syphilis 
and paresis. At the other e.xtreme, VogeP® showed in his cases of 
cerebrospinal syphilis that the intensity of the reaction was less than 
his group of tabetic fluids. 

In tliis series half of the reactions are- within normal limits, the 
others being more intense and falling either in the first or second 
zone. There were 15 cases of the high Zone I type so frequently 


seen m paresis. 

Discussion. From Table 1 one readily sees that no one type of 
neurosypbilis presents a constant colloidal gold cun^e, but that a 
wide variation occurs in each group. In the cases of general 
the finding of a similar type of reaction is most frequent. Here 84 
per cent of the cases gave a strong precipitation in the first zone, 
while the other 16 per cent gave weaker reactions and most of these 
in the second zone. The cur\'es occurring in the other types of 
involvement showed nothing characteristic except that in a genera 
way the tabetic and diffuse cerebrospinal cases tended to react m 
the second zone with a rather slight amount of- precipitation, 
diagnosis therefore from the colloidal gold alone is impossib e- n 
general paresis where a characteristic cunm occurs frequently, i 
may well be considered a confirmatory' finding but one shou no 
rule out this diagnosis if the cun'e is not typical. On the other lanr , 
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the finding of strong precipitation in the first group of tubes does 
not necessarily imply paresis, as all of the groups of neurosyphilis 
showed some cases in which this was present. The taboparetics 
have the highest per cent of this type of curve, that of 32. 

Because of this variance of the colloidal gold reaction in each 
tjTe of syphilis, the use of the reaction as an aid to dift’erentiating 
one type from another should be used with reservation and more 
reliance placed on the clinical picture. 

The occurrence of a slight or even a fairly strong colloidal gold 
reaction in a patient who shoAvs no clinical evidence of central 
nervous system involvement and in whom the spinal fluid remains 
negative except for this colloidal gold reaction on subsequent 
examination, should be regai'ded as normal for that' individual. 
As has been shown in Table 1, 57 per cent of the cases without 
central nervous system involvement show precipitation in some 
tubes varying from “I” to as high as “4.” 

The Effect of Antisyphilitic Therapy on the Colloidal Gold Reaction. 
The changes in colloidal gold reaction were studied in 413 cases 
under treatment for neurosyphilis. Of this number, 127 were 
treated by intradural therapy, 138 by tryparsamide, and 148 by 
malaria. The number of sp'inal punctures done on each individual 
patient varied considerably. Some of the malarial patients had but 
2 spinal punctures, 1 before and 1 after therapy, -while some of the 
patients who received tryparsamide had as high as 29 punctures. 
The average number of spinal tests in the patients receiving intra- 
dural therapy or tryparsamide was between 7 and 10. After malaria 
therapy the average was 2 to 3. The reason for this small number 
is because many of the patients failed to return for check up 
examinations. 

It is impossible to record all the changes noted in each individual 
case. The variation of one reaction to the next may be only a slight 
change in intensity, or may be marked with also a change in the 
zone of maximum reaction. Nearly all of the cases showed some 
differences from time to time. In attempting to determine the 
extent and number of the major fluctuations occurring in an indi- 
vidual case undergoing treatment, we have recorded the number 
of times that the colloidal gold shifts from one zone to the otlicr. 
Also, Ave have recorded the difference in the maximum color reaction 
from the time treatment AA^as started until it AA'as stopped. For 
example, a patient starting treatment had a gold sol of 0012332110. 
At the end of treatment the gold sol AA\as 0001 1 1 0000. The difference 
of maximum color intensity in this case Avould be a decrease of 2. 
Not infrequently after therapy the gold sol AA'ould be more marked 
in its reaction and tin's is recorded as an increase in intensity. T'Jic 
amount of increase depends on the difference betAA'een the original 
test and the last one taken. No record has been made of the differ- 
ences of intensity occurring after each individual treatment. 
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The eases receiving a certain type of therapy have been grouped 
according to their clinical diagnosis. 

All of the cases reported have been treated by the department of 
dermatology and syphilology. 

Intradural Therapy, One hundred and twenty-ser'en cases were 
treated by this method. Of this group 14 cases were early nervous 
system involvement having active syphilis at the time of the original 
examination. In addition there were 25 cases of general paresis, 
24 cases of tabes dorsalis, 24 cases of taboparesis, and 40 cases of 
late diffuse cerebrospinal syphilis. 

The method of intraspinal therapy is that originally described by 
Wile-* in which arsphenamin (0.00025 gm.) is mixed directly with 
the spinal fluid and immediately reinjected. The patients receive 
these treatments weekly for a period of 4 weeks and then are given 
.a rest period of 3 montlis. At the end of that time they receive 
another course, usually of two treatments. These were carried on 
as long as they were thought of value to the patient. Along with 
the intradural therapy, intravenous injections are given, also heavy 
metals, either bismuth injections or mercury inunctions. 

Zone Change. As shown in Table 2, about half the cases in each 
group presented the same type of ennm at the end of treatment as 
they had at the beginning. In tbe 14 cases of early nersmus system 
involvement, 10 showed no zone shift and the remaining 4 shifted 
only once. Ail of these latter 4 cases had definite paretic curves 
to start with and later showed a shift from tbe first zone to the 
second and a marked decrease in the amount of precipitation in the 
individual tubes. This change occurred after only 3 to 4 treatments. 
There was 1 case which was originally of Zone I type and remained 
so at the end of 3 intradural treatments and some intravenous 
therapy. He failed to return for subsequent therapy so that the 
eventual outcome could not be determined. Except for this case, 
all of the others that showed no zone change were of the Zone H 
type. This rapid change from a strongly paretic curve to one within 
normal limits has been observ^ed by Eordyce*® in this type of case. 

In tabes dorsalis, taboparesis and late diffuse cerebrospinal 
syphilis, a little over half the cases showed no zone change following 
intradural therapy (Table 2). Most of the cases that did have a 
change in zone reaction ocemred only once or twice. However, 
the shift of one zone to another was noted 6 times in 1 case of tabes. 
The most frequent change in these cases was that of Zone I to 
the middle zone. 

■ In general paresis w^hich is usually considered the most constant 
of reactions, we found that less than half remained in the same zone 
in rvhich they started . Here again there was tend ency for the cinn'es 
to become middle zone in under therapy. This is not, however, 
a constant finding, some cases eventually shifting back to the orjgma 
first zone type and remaining there at the cessation of treatment. 
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There is a considerable variance of opinion as to the persistence of 
paretic type of curve. Kaplan and McCIelland^^ noted that the 
curve was stationary under treatment and considered it in the 
nature of a “Wassermann-fast” condition. Hammers^^ and Green^^ 
also noted changes only in a small group of treated cases. Thomp- 
son/® Swalm and Mann^® on the other hand noted a definite ten- 
dency for the paretic type to become middle zone under therapy. 
Klerret^ reported a case of taboparesis showing several shifts from 
one zone to another. Warwick*® found only a few instances of zone 
change in her series, which is rather large. This article also contains 
an excellent review of the subject. Greenfield and CarmichaeT 
state that under treatment the colloidal gold stays constantlj'' 
paretic in general paresis except that there are occasional changes 
to the luetic zone due to irritation from interspinal treatment. We 
have seen this shift from a paretic to a middle zone curve so frequently, 
and in many cases in which the latter curve becomes constant, that 
it is difficult to feel that it is all explained on an irritation basis. 

Table 2.— Intradural Therapy in 127 Cases of Neurosyphilis Showing the 
Frequency of Zone Change in the Colloidal Gold Reaction. 


I Numbers representing frequency of zone cliongc. 



No. of 
CaBCB. 

No 

change. 

1. 

2 , 

3. 

4. 

5. 

G. 

Early C. N. S. involvement wth 









■ active syphilis 

14 

10 

4 






General paresis 

25 

11 

4 

3 

3 

3 

1 


Tabes dorsalis 

24 

14 

4 

3 

1 

1 

1 

1 

Taboparesis 

24 

15 

5 

3 



1 


Diffuse cerebrospinal syphilis 

40 

24 


4 


1 

2 



Table .3. — Intradural Therapy in 127 Cases of Neurosyphilis Showing 
Amount of Color Change in the Colloidal Gold Reaction. 




DecrcaBC in color. 

Increase in color. 




Numbers' representing the 

Numbers representing the 

No 


No. of 

amount of change. 

amount of change. 


cases. 











change. 

i 

1 

5. 

4. 

3- 

2. i 

1. 

! 5. 

4. 

3. 

2. 

1 1. 



Early C. N. S. involve- 




i 




1 




i 

ment with active 
syphilis .... 

1 

14 ^ 

1 

1 

1 ’ 

5 

5 ! 

1 


1 

2 ^ 

1 i 

i *_* 

1 

General paresis . 

25 ; 


. . ■ 

3 

2 

5 




. . 

1 2 

13 

Tables dorsalis 

24 


1 

3 

6 

7 



. . 

2 

2 

3 

Taboparesis . 

Diffuse cerebrospinal 

24 1 

i 

t . . 


5 

2 

G 

! • • 

• • 

: • • 


4 

7 

syphilis .... 

40 ! 

1 i 

i 


1 j 

6 

14 


* • 

1 

1 

1 ; 

4 i 

13 


Color Change. In the majority of cases a decrease in the intensity 
of the reaction ivas noted (Table 3). For the most part this was 
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slight, the difference of maximum color being only “1” or “2” after 
treatment. One case of tabes showed the largest decrease, that of 
“4.” The change in color cannot be expected to be very great when 
one considers that most of the cases before therapy showed the 
strongest precipitation as being “3” or less. Therefore a decrease in 
color even if the gold sol became perfectly flat could only be 3, or 
in the case of an original maximum precipitation of “2” a decrease 
on only 2 is possible. One would then expect the most marked 
changes of color intensity to take place in the group of general 
paresis where many of the fluids give readings of “5.” This, as 
noted in Table 3, is not the case. Half of the cases showed no change 
at the end of therapy and this group corresponds nearly exactly with 
the group found in Table 2, which shoived no zone shift. 

The cerebrospinal group had one-third of the cases remaining 
stationary as to intensity of color reaction after treatment. 

Each type of neurosyphilis presented a few cases in which there 
was a stronger color reaction following treatment than the patient 
presented originally. None of these increases in color could be 
interpreted as provocative in nature as described by Warwick and 
Nixbn.’- 

In the treatment of 5 cases intraspinously, YogeV-'> notes a pro- 
gressive flattening which was in accord with the clinical improvement 
and believes this to be a more objective indicator of improvement 
than the decrease in cells and globulin reaction. Many others have 
also noted the decrease in intensity of the color reaction. Warwick-® 
concludes that there is a tendency for tlie reaction to decrease 
under antisyphilitic treatment, but she notes also that an increase 
can occur similar to what we liaAm found in this series. 

Tryparsamide Therapy. One hundred and thirty-eight cases were 
studied which received this type of treatment. Thirty-four of these 
were tabes, 35 general paresis, 19 taboparesis, and 50 late diffuse 
cerebrospinal syphilitics. The patients were treated in the following 
manner. Weekly injections of tryparsamide were gi^’en intra- 
venously for sLx weeks and then there was a rest period of 2 months 
and the course was again repeated. Some of the patients received 
as high as 50 injections oA’er a period of 2| to 3 years. Along^ with 
the tryparsamide either mercury inunctions or intramuscular injec- 
tions of bismuth salicylate were given. During the first course of 
treatment spinal- drainages were performed after each injection. 
In the subsequent courses drainage was done only after every other 
injection. 

Tables 4 and 5 dealing with t^^'pa^samide therapy have been 
made up in the fashion as that described abo^'e and used in showing 
the changes under intradural treatment. Namely, the numbers 
of zone shifts have been recorded and also the difference in maxi- 
mum color intensity before and after treatment. 
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Table 4. — Tiiyparsamide Therapy in 138 Cases of Neubosyphilis Showiko 
THE FrequencV of Zone Change in the Colloidal Cole Reaction. 



No. of 
cases. 

Numbers rcpresciitinK the frequenpy of zone clmuRC. 

No 

clmnec. 

1. 

2. 

3. 

•1. 

5. 

C. 

7. 

S. 

9. 

10. 

li. 

General paresis . 

35 

11 

9 

3 

3 

1 

3 

3 

1 



2 



Tabes dorsalis . 

34 ' 

IS 

i 

5 

2 




1 i 

’ • i 

1 

! 


Taboparesis . 

19 

12 

4 

1 


2 








Diffuse cerebro- 


! 












spinal syphilis 

50 

24 

7 

6 

4 

4 

1 

2 

1 

1 
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Table 5.— Tryparsamide Therapy in 138 Cases of Neurosyphilis Showing 
Ajiount of Color Change in the Colloidal Gold Reaction. 



iNo. ofi 
, cases. i 

Decrease in color. 
Numbers representinR the 
amount of chanpe. 

Increase in color. 
Numbers representinp the 
amount of clianpe. 

No 

color 

ebanpe. 


1 

i 

. 5 . j 

4 . 

3 . 

2 . 

1 . 

1 5 . 

1 

4 . 

3 . { 
1 

2 . 

1 . 

General paresis . 

i 

35 ’ 


.3 

i 

2 

8 

1 

S 

1 




2 

12 

Tabes dorsalis 

34 



3 

5 

13 


1 

1 

1 

4 

0 

Taboparesis . 

Diffuse cerebrospinal 

19 



1 

1 

5 




1 

5 

f) 

syphilis .... 

60 

• • 

‘ • 

4 

5 

11 




1 

S 

21 


. Zone Change. The shift from one zone to another was frequently 
met with in all types of cases in this series. However, the cases of 
general paresis were the only ones in which more than half showed 
some shift. In this group only about one-third remained in the 
same zone in Avhich the maximum reaction occurred before treat- 
ment. There were a large number which changed from a “paretic”' 
to a middle zone reaction and remained that way during treatment. 
Two cases shifted from one zone to the other 9 times. The tabo- 
paretic group was the most stable during treatment, 12 of the 19 
cases remaining unchanged, and the highest number of shifts noted 
in this group was four. 

The tabetic and cerebrospinal cases presented similar pictures, 
about half of the cases in both groups remaining stationary. One 
of the cerebrospinal cases oscillated back and forth from one zone 
to the other, 11 times. This case before treatment showed a Zone 11 
reaction and finally at the end of treatment presented a . similar 
type of curve. 

Color Change. The maximum color change was decreased or 
increased in a majority of all the groups of cases, as shown in Table 5. 
The cerebrospinal group showed less change than the others 21 
cases out of 50 remaining unchanged. All but 6 of the 34 tabetic 
cases showed either a decrease or increase in the intensity of the 
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reaction. About one-third of the paretic and cerebrospinal cases 
remained unchanged. 

The group of general paresis that showed no color change corre- 
sponds nearly exactly to the group which had no zone change. 
These cases were of the typical “paretic” type (marked precipita- 
tion in the first part of the curve) . A similar group was found in the 
cases treated by intradural therapy. 

As in the cases receiving intradural therapy the decreases in color 
was for the most part slight. The most marked change in this 
respect was seen in 3 cases of paresis in which the decrease was 
that of “4.” 

There was a stronger reaction at the end of treatment in a con- 
siderable number of each group. Six of the taboparetics or one- 
third of the total number showed an increase, while only 2 cases 
of paresis had more intense reactions at the end of therapy. 

Since the advent of tryparsamide there has been considerable 
difference of opinion as to its effect on the spinal fluid as well as 
its general therapeutic value in neurosyphilis. Lorenz, Loevenhart, ' 
Blechwenu and Hodges^ ^ reported marked improvement in colloidal 
gold under this type of therapy. Many of the initial “paretic” 
curves became luetic in type. A relatively large number became 
entirely negative. Similar improvement was noted by Moore, 
Robinson and Lyman^ ® and Moore, Robinson and Keidel .- ® Flatten- 
ing out of the “paretic” curve was also observed by Carr.*® Fong’* 
in his series of cases found none that became negative but the major- 
ity showed some reduction in intensity. 

On the other hand, Ebaugh and Dickson” found the serologic 
changes meager and transitory. Wile and Wieder” occasionally 
noted certain minor changes, but the “paretic” curve remained so 
after therapy. Only slight, indefinite responses were also found by 
Solomon and Viets,’^ Banford,” and Foster.” 

Malaria Therapy. This group includes 148 cases of neurosyphilis 
which were treated by malaria. Of these 4 had early nervous system 
involvement witli active primary or secondary syphilis, 73 general 
paresis, 13 tabes dorsalis, 32 taboparesis and 26 with late diffuse 
cerebrospinal syphilis. All of these cases were punctured immedi- 
ately before inoculation with the plasmodium and again as soon after 
the chills had been stopped as was practical. A number of the 
patients failed to return for a check up so that there is only a record 
of two punctures in some cases. The others returned at intervals 
of 3 months for subsequent check-up examinations and lumbar 
punctures. In the interim some of them received heavy metals, 
either mercury or bismuth. The zone changes and the differences 
of the maximum color reaction have been tabulated (Tables G and 7) 
similar to the cases that received intradural and trjqiarsamide 
therapy. All cases have been used, those receiving only two punc- 
tures and those having more than that number. 
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Table C. — Malaria Therapy in 148 Cases of NEEROsyrniLis Showing the 
Frequency of Zone Change in the Colloidal Gold Reaction. 


Numbers representing the frequency 
of zone change. 



No. of 
cases. 

No 

change. 

1. 

2. 

3. 

Early involvement with active syphilis . 

4 

4 




General paresis 

73 

41 

25 

4 

3 

Tabes dorsalis 

13 

9 

4 

1 


Taboparesis 

32 

18 


3 

1 

Diffuse cerebrospinal syphilis 

1 2G 

17 

5 

4 



Table 7. — Malaria Therapy in 148 Cases of Nedrosyphilis Showing Amount 
OF Color Change in the Colloidal Gold Reaction. 



1 

No. of 
i cases. 

Dcoreaso in color. 
Nuiribers representing the 
amount of change. 

Increase in color. 
Numbers representing the 
amount of change. 

No 

color 

change. 

5. 

1 

4. 

3. 

2. 

B 

1 

5. 



2. 

B 

Early involvement 
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with active syphilis 

4 

, , 

1 


1 

1 






1 

General paresis 

73 

1 

1 

4 

18 

11 




. . ■ 

5 

33 

Tabes dorsalis 

13 




2 

6 


. . i 



6 

1 

Taboparesis . 

32 

1 


5 

2 

8 

1 



2 

4 

11 

Diffuse cerebrospinal 


! 




i 



! 

j 



syphilis 

26 


• • 

1 

7 

7 


1 


• • 

3 

8 


Zone Change. The shift from one zone to another is less marked 
in the malarial-treated group than in the other forms of therapy. 
This may in part be accounted for by the fact that there are no 
long series of punctures, the most that one patient received being 
eight. Well over half of the cases in each type of neurosyphilis 
showed no zone change. In the cases with active syphilis all of 
them remained the same. Three of the cases had Zone I curves 
and the other a Zone II type. 

Approximately two-thirds of the tabes and taboparetics stayed 
stationary. Of the cases showing a shift of zone none of them were 
verjr marked. Three cases of general paresis shifted 3 times and 1 
case of taboparesis shifted once. O’Leary^^ found many cases of 
paretics in which there was a change to Zone II type of curve and 
also that this was more frequent in malaria than with the other 
types of therapy. 

Color Change. The color change from the maximum intensity 
noted before treatment to that after treatment is striking. All but 
one of the tabes cases showed some change, while the others with 
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the exception of the paretics showed a difference in two-thirds to 
three-fourths of the cases. In the group of general paretics well 
over half had a decrease or increase after malaria. 

The amount of decrease in the precipitation of the colloidal gold is 
more marked with this type of therapy than with the others. Two 
cases showed a reduction of “4,” while one case of paresis changed 
from a maximum color reaction of “5” to “0.” This is a more 
marked change than has been found in either of the other two tj'pes 
of treatment. 

An increase of color reaction at the end of therapy was noted 
again in a small group. 

The effect of malaria on the colloidal gold has been considered 
slight by Huston and Armstrong,®* and Carr.®* Ferraro and Fong®* 
agree that it is more resistant than the Wassermann and other 
reactions, but they make the further observation that, while the 
colloidal gold changes only little at first, at the end of 3 years there 
is an improvement in about 85 per cent of paretics and a few in 
which they become negative. 

Therapy by Spinal Drainages Only. A small group of patients 
Avho had received no antisyphilitic therapy were given a series of 
spinal drainages. These were performed 2 or 3 times a week for 2 
weeks so that in all they received from 4 to 6 spinal punctures. 
This was done to determine what change would lake place in the 
colloidal gold without any definite antisyphilitic treatment. This 
group is so small that the results cannot be conclusive but one finds 
some interesting changes. There was 1 case of general paresis 
which showed a Zone I reaction with a maximum precipitation of 
“ 5 .” This remained constant in a series of 5 drainages. In 1 case of 
tabes and 1 case of diffuse cerebrospinal syphilis the zone of reaction 
remained the same, but there were slight differences of maximum 
color change noted from one drainage to the other and also the 
number of tubes showing color changes varied. A case with active 
secondary lesions and an early central nervous system involvement 
showed onh' slight color changes. The most striking changes were 
noted in 2 cases of taboparesis. One of these started with a strong 
Zone I curve, which upon subsequent examination varied in intens- 
ity, and after the third lumbar puncture shifted to a Zone II curve 
with a maximum color change of “ 3 .” The other case first presented 
a Zone II type of curve, which on the next examination shifted to a 
strong Zone I reaction. The following 3 examinations revealed 
the same type of reaction. The fifth colloidal gold reaction was 
again identical with the original. 

The fact that in this small series flie patients having taboparesis 
showed the most marked change does not necessarily mean that it is 
characteristic of this type of involvement. Similar changes have 
been noted in other types of syphilis where repeated spinal punc- 
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tures liaA’e been clone without treatment. However, in this series 
the changes noted in the other types of syphilis were slight. 

In advanced cases of general paresis which have been committed 
to the University Psychopathic Hospital, the colloidal gold curves 
that have been taken at intervals without treatment tend to remain 
similar, but oecasionally one finds a case in which there is a change 
both of zone of reaction and the amount of precipitation. 

From this small series of cases it is obvious that the colloidal gold 
is by no means stable in its reaction and that it varies from time to 
time in an individual ease which is not receiving any specific treat- 
ment. For the most part these changes are so slight as to be negli- 
gible but marked differences do occur, as was noted in the 2 cases of 
taboparesis. 

Discussion. The changes in the colloidal gold reaction found after 
any type of antisyphilitic therapy present a confusing and incon- 
clusive picture, as is noted from the tables showing the effect of 
treatment. Changes similar to those found with treatment may 
oceur when only a series of spinal punctures are performed in the 
absence of all other therapy. This was noted particularly in 2 cases 
of taboparesis in which this was done. If one attempts to consider 
reduction or zone change of the colloidal gold as of prognostic sig- 
nificance, it should be done guardedly, realizing that marked changes 
can occur in a short time after the original examination without 
any inteiwening therapy. However, there is a tendency for Zone I 
curves to change to the middle zone in all types of treatment and 
for Zone H curves to remain so. This is not characteristic of any 
special kind of therapy but occurs frequently with all types. 

In a general way one can say that under treatment there is a 
reduction in the maximum color intensity and that the amount of 
reduction is about the same in all types of therapy. Under malarial 
treatment it was a little more pronounced and here one finds the 
greatest decrease in any ope individual case. 

A very interesting finding with each type of treatment was that 
in a small group of cases there was an increase in maximum color 
change after treatment. Usually these increases were slight but 
one case of tabes dorsalis undergoing tryparsamide treatment showed 
an increase of “4.” No definite explanation for this can be made out. 
Other workers have also found this increase after treatment and 
were unable to find any correlation between it and the clinical 
course of the patient. Apparently it has no significance as far as 
being an indication of retardation of improvement. 

About a third of the cases receiving intradural and tryparsamide 
therapy presented the same color change at the end of therapy as 
they had at the beginning. The cases receiving malaria had a 
slightly larger group which did not change. This is somewhat 
surprising in that the most striking clinical improvements are 



416 ^rO^'T; SIGNIFICANCE OF THE COLLOIDAL GOLD 

noted in this group and if the colloidal gold tended to follow the 
clinical course one would expect to find a decrease of precipitation 
paralleling their improvement. 

Under each type of treatment there was a group of ’general par- 
etics which showed no change in zone of reaction and this group 
closely paralleled those which showed no color change. They 
remained fixed throughout treatment. Many of these cases did not 
improve under treatment but there were some^ especially those 
treated with malaria, where clinical improvement occurred with no 
change in the colloidal gold. No other type of central nervous 
system involvement presented as large a group in Avhich the curve 
stayed the same throughout treatment. 

Conclusions. 1. Syphilitics without central nervous system 
involvement frequentlj'’ show some changes in the colloidal gold 
curve. Usually the color change is not over “ 2 ” but stronger 
reactions do occur. 

2. No one type of neurosyphilis presents a constant curve. 

3. In general paresis a strong Zone I curve is found in a high per- 
centage of cases. 

4. A strong Zone I curve does not necessarily mean general paresis 
as it is found in all types of neurosyphilis. 

5. A middle zone curve is not of diagnostic significance as it 
occurs frequently in all types- of neurosyplnlis. 

6. No type of antisyphilitic therapy produced changes in the col- 
loidal gold with enough uniformity to merit prognostic significance. 

7. The zone of reaction changes frequently and this may occur 
many times under treatment. 

8. Decrease of maximum color reaction is commonly met with 
following treatment, but increase of color reaction also occurs and 
these changes do not parallel the clinical course. 

Note. — For the privilege of presenting this material and for many valuable sug- 
gestions, I am indebted to my chief. Dr. Udo J. Wile. 
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For clinical purposes tetany may be divided into the following 
tj'pes: (a) Infantile; (b) postoperative; (c) gastric; (d) hyperpneic, 
and (e) idiopathic. 

The infantile type is the most common. It occurs most frequently 
during the so-called tetany months, March and April, the result 
chiefly of insufficient e.x'posure to sunlight, and consequent vitamin 
D deficiency during the winter. 

The postoperative tjqie follows accidental removal, injury to, or 
occlusion of circulation to the paratluToids, usually occurring during 
extirpation of the thyroid gland. 

The gastric and h;\rperpneic tj’pes are due to alkalosis. 

Nothing can be said with certainty regarding the etiology of 
idiopathic tetany. All types of tetany except those due to alkalosis 
have one feature in common, a marked reduction in the blood serum 
calcium. In the tetany of alkalosis the blood serum calcium is 
normal. In adults, tetany is usually observed either as a post- 
operative condition, following thyroid surgery, or as the result of 
alkalosis from certain high obstructive lesions of the gastrointestinal 
tract. 

In this communication, we are concerned chiefly with chrome 
idiopathic tetany, which, as its name implies, is a tj’pe of tetany 
for which no accepted cause has been established. The extreme 
rarity of this condition, particularly in adult males, has been empha- 
sized by Liu,'-- who cites a single case in a Chinese male, aged 46 
years, which is almost a prototA-pe of ours. A few cases have been 
reported in females. We have not accepted a great many recorded 
cases considered to be idiopathic tetany in adult males for reasons 
which appear to us to be adequate. 

A critical analysis of the literature suggests that the infantile 
t,\q 3 e of tetany occurs also in adults. It is our belief that many of 
these cases, reported as /adult idiopathic tetany, conform in all 
essential respects, to the infantile tj'pe. For e.xample: Falta and 
Aleyers® quote .528 cases of occupational idiopathic tetany in males, 
collected by von Frankl-Hochwart, of whom 223 Yvere cobblers and 
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117 tailors. The symptoms of tetany in this group became mani- 
fested chiefly in March and April, with spontaneous remissions 
during the rest of the year. Obviously, their indoor occupation and 
seasonal incidence suggests that these cases are similar to the infan- 
tile type, due to vitamin D deficiency, from insufficient sunlight, 
diet poor in vitamin D, or both. They should not be called idio- 
pathic tetany. 

McCarrison^ has described a form of so-called epidemic tetany 
observed in natives of the Himalayas, in association with epidemic 
goiter. One would infer that tetany in these cases results from para- 
thyroid deficiency which might be associated with epidemic goiter, 
Howe^■er, where epidemic goiter is extremely prevalent, as in the 
Austrian Tyrol and SAvitzerland, associated tetany is excessively 
uncommon. Moreover, McCarrison states that when the Hima- 
layans with epidemic tetany and goiter move to a different locality, 
spontaneous recovery from tetany occurs. It is therefore apparent 
that this so-called epidemic tetany of the Himalayans is not due to 
parathyroid deficiency associated with goitei-, but to environmental 
factors, incident to diet and climate. It may likewise be concluded 
that these cases are similar to the infantile type and a secondary 
rather than an idiopathic tetany. 

If, therefore, we are justified in our opinion, that these cases 
reported by von Frankl-Hochwart and McCarrison are not true 
idiopathic tetany in adult males because these and many others so 
reported have a demonstrable etiology, it is apparent that this 
cryptogenetic type is sufficiently unusual to recommend the report 
of the following case. 

This patient, studied over a period of 4 years, had no seasonal 
remission of symptoms, no surgical operations, no symptoms or signs 
of any obstructive lesion of the gastrointestinal tract and no clinical 
or chemical evidences of alkalosis. 

Case Report, — L. B., male, white, aged 38 3 Tars, first came under our 
observation in April, 1927. For the previous 6 months he had noted peculiar 
muscle spasms in the hands and arms with muscle cramps and undue 
fatigue in the legs, aggravated by any muscular effort. He described 
numerous attacks of sudden, momentaiy, complete loss of voice and diffi- 
culty in breathing. At such times before phonation became possible he 
noticed a loud crowing inspiratory stridor, and folloAving this, speech was 
audible but very husky. He also described numbness and parasthesias of 
the hands, arms and legs, and noticed that frequently, when his arms were 
resting on a chair or on a desk, his hands would involuntarily go into spasm, 
with the thumbs drawn into the palms. He also described sudden attacks 
of transient diplopia which could be relieved by covering one eye, unaccom- 
panied by either headache or vertigo. Parasthesias, muscle spasms and 
ocular sjTnptoms occurred every da 3 ’-; loss of voice, many times a day. 
Apart from these unusual symptoms, there were no other complaints. 
Gastrointestinal symptoms were conspicuously absent and there had been 
no loss of Aveight. The patient exhibited no apprehension about his condi- 
tion, regarding it in a detached, but interested sort of way. One 3 ’'ear later 
diarrhea ensued with 5 or 6 liquid stools daily. A less pronounced diarrhea 
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has persisted until the present time, unaccompanied by anorexia, nausea 
or vomiting. _ At the time of his first examination he had attained his 
maximum weight (155 pounds) and this has remained practically constant. 

The pre^dous medical history was unimportant except for an attack of 
uncomplicated scarlet fever in childhood. There was no history of previous 
operations, on the neck or elsewhere, no history indicative of rickets or 
tetany in childhood, no unusual dietary habits and no history of acute or 
' chronic gastrointestinal disease. No otW members of the patient’s family 
had or has similar symptoms. He conducted an advertising business, was 
outdoors, a considerable part of each day, walked a great deal and played 
golf 3 or *4 afternoons a week in season. 

Physical examination was essentially negative except for manifest evi- 
dences of tetany. Trousseau’s and Chvostek’s signs were positive, and 
the electrical reactions were those of tetany. 

The following table tabulates the various therapeutic agents employed 
together with blood chemical studies before and during treatment. 


The Various Therapeutic Agents Emploted, With Blood Chemical Studies, 
Before and During Treatment, 


Date. 

Treatment. 

Blood serum. 

Plasma. 

Ca. 

P. 

NaCl. 

CO.-i 

April 

25, 1927 

None 

5.8 

5.4 


74 

February 

15, 1928 

Ca. lactate, gm. ij 

6.1 




February 

23, 1929 

Ca. lactate, gm. vj 

6.4 

6.7 

570 

69 

July 

20, 1929 

Ca. lactate, gm. vj; thyroid. 

6.4 






gm. 0.2 





October 

16, 1929 

Ultraviolet radiation 

7.1 

6.8 



November 19, 1929 

Viosterol, gtts. xx 

6.8 

5.9 



January 

16, 1930 

Viosterol, gtts. xxx 

6.3 

6.0 

570 

71 

May 

28, 1930 

Parathormone 20 units (4 

7.8 

4.2 





doses) 





November 10, 1930 

Parathormone 20 units (6 

8.3 

5.0 





doses) 





April 

16, 1931 

ParathjToid transplant, March 

6.4 

6.6 





4, 1931 






In addition to these figures, isolated determinations were made of the 
blood pH, which was normal, of the basal metabolic rate which varied from 
—5 to —26 per cent, and of the gastric contents, the maximum figures of 
which were normal for free and total acidity. 

Treatment with calcium lactate by mouth was begun in April, 1927, and 
except for brief intermissions, in order to evaluate the results of other 
therapy, has been continued to the present time. Two to 6 gm. per da 3 ' 
have been administered. For a brief period of time this therapy was 
reinforced first by thjuoid, gm. 0.2 daily and later by thyroxin gr. jh; 

3 times a day. _ . ., 1.17 

It was thought that the coincident low metabolic rate might have had 
some relationship to the parathyroid deficiencj’', because in h 3 ^erthyroidism 
there is an increase of calcium excretion while in myxedema it is decreased. 
However, Aub, Bauer, Heath and Ropes* have shown that the level of 
serum calcium is no indication of the rate of calcium metaboh’sm. _ 

Our patient showed no evidence of myxedema. Whether the dehcienc 3 ' 
of parath3’Toid secretion is related to h 3 'pofunction of the th3Toid cannm 
be proved, although it seems quite suggestive. Our data likewise showed 
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that thjToid feeding had no effect on the level of the serum calcium. Its 
influence on the calcium balance could not be studied because the patient 
was ambulatory. 

In August, 1929, the patient stopped all oral medication and received 
8 treatments of ultraviolet radiation, twice a week for 4 weeks. Following 
this, in October, 1929, viosterol was prescribed in doses of 20 drops daily; 
in December, this was increased to 30 and during February and Marcia, 
1930, the patient consumed 60 drops of viosterol each day. In May, 1930, 
he was given 20 units of parathormone dailj’’ for 4 days and in October, 
1930, 20 units of parathormone was administered every other day for 6 
days, at the end of which time, blood chemical studies were made. 

In March, 1931, a normal parathyroid gland was removed by Dr. Charles 
H. Frazier from a patient with hyperparathyroidism and transplanted by 
Dr; Ulrich into the rectus muscle of our patient. The gland removed was 
identified as normal parathyroid tissue by frozen section of a small fragment 
before being transplanted. 

Results of Treatment. The use of calcium lactate by mouth, produced 
immediate amelioration of symptoms "with partial freedom from laryngis- 
mus and spasms of the extraocular muscles. Undue fatigability and cramps 
in the arms and legs have persisted. Abstinence from calcium for 48 hours 
was followed by immediate recurrence of all symptoms with their customary 
severity. Altliough the intravenous administration of large doses of calcium 
will temporarily relieve the tetany following thyroparathyroidectomy, evi- 
dence is lacking of its good effect in latent tetany of either the infantile 
or adult types. In 3 patients reported by Liu, 2 juveniles and 1 adult, 
there was neither symptomatic relief nor elevation of either the diffusible 
or nondiffusible blood serum calcium. 

The addition of thyroid, later thyroxin, caused no demonstrable effect 
on his tetany but raised his metabolic rate. Ultraadolet radiation produced 
temporary relief of s 3 Tnptoms to the point where no calcium was required 
for 3 weeks after the course of treatment was completed. The symptoms 
then returned. 

Viosterol, even in doses of 60 drops a day, was so completely without 
beneficial effect, that the patient was compelled to reinforce it with calcium, 
in order to remain in reasonable comfort. 


Regarding viosterol, it may be said that strikingly favorable 
results have been reported by Hess and Lewis,® and Gleich and 
Goodman^® in the treatment of infantile tetany by this drug, com- 
parable to the results obtained by cod liver oil and ultraviolet light. 
Other -workers have confirmed this opinion, so that it can con- 
fidently be stated that viosterol acts as a specific in infantile tetany. 

The efficacy of viosterol in the treatment of other types of tetany 
is very questionable; In the experimental animal, using thyro- 
parathyroidectomized dogs, Urechia and Popoviciu^^ and Green- 
wald and Gross^® were unable to raise the blood serum calcium with 
viosterol. Hess and Lewis failed in monkeys, concluding from this 
that viosterol acted by stimulating the parathyroids. 

BrougherA® and Jones, Rapaport and Hodes^^ on the other hand, 
report conspicuous elevations in blood serum calcium, and the latter 
observed an extraordinary’- hypercalcemia in one of his operated 
dogs, following the administration of viosterol. 

Brougher,^® Hottinger^® and Stern*® have recorded favorable 
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results from the use of viosterol in human adult tetany. Brougher’s 
most favorable result was in a patient with gastrointestinal tetany, 
which followed formidable resections of the small intestine. 

He further reports its use in 4 cases where tetany followed sub- 
total lohectomy. Symptomatic relief was obtained but no figures 
for blood serum calcium are cited in these cases. 

Liu failed utterly to relieve his case of idiopathic tetany with 
viosterol and there was -no alteration in the blood serum calcium 
from its. use. 

We are unable to explain the symptomatic relief in our patient 
from the use of calcium. His improvement was not reflected in a 
conspicuous alteration of the blood serum calcium, although our 
studies do not include its fractionation into its diffusible and non- 
diffusible components. Perhaps an elevation of diffusible calcium 
‘could have been demonstrated but it could not have been conspicu- 
ous, as the total blood serum calcium was never raised above the 
tetany level, except upon the addition of parathormone. 

Similarly, we do not know why ultraviolet radiation was symp- 
tomatically beneficial, especially since it apparently did not alter 
the fundamental state. 

Uniformly good results ensue from the use of viosterol in infantile 
afid juvenile tetany and in those forms of tetany in adults, erro- 
neously called idiopathic, but more properly regarded as of the 
infantile tipe. In both the experimental animal and in adult 
humans, tetany induced by thyroparathyroidectomy has been 
relieved in some cases, in others it has failed completely. Its use 
in- spontaneous idiopathic tetany failed in a single recorded ease, 
that of Liu’s, as it failed in ours. 

It is reasonable to conclude that there may not onlj’’ be a differ- 
ence between thyroparathyroidectomized animals and man, but 
that there is even greater difference between the tetany in man 
occurring postoperatively and that which occurs spontaneously, 
as the idiopathic type. The absence of the thyroid in the post- 
operative tjpe, and its presence in the idiopathic t\pe may be very 
significant. 

Of the various therapeutic measures employed, parathormone 
alone was capable of conspicuously elevating the blood serum 
calcium. During its use, and for a very short time thereafter, there 
was complete symptomatic relief, and complete though temporary 
abolition of the tetanic state. 

Numerous attempts have been made to prevent or cure tetany in 
man by parath\Toid transplantation. Borchers^’ reports 5 cases of 
postoperative tetany so treated, all of which were observ'ed for several 
years after operation. One patient had recurrence of tetany after 
'2h years — the remaining 4 were not completely cured but obtained 

very appreciable relief. _ -i » . 

In our case, after 6 weeks, parathjToid transplant failed com- 
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plctely eitliei' to alter the fundamental tetanic state or to raise the 
serum calcium above the tetany level. A superficial wound infec- 
tion at the site of the transplant probably killed the graft. 

Summary and Conclusions. 1. Evidence is presented to indicate 
that the infantile type of tetany resulting from vitamin D deficiency 
may be observed in adults, from the same cause. Most of the cases 
of so-called chronic idiopathic tetany in adults reported in the litera- 
ture belong to this infantile t;si>e} and should be so considered. 

2. Chronic adult idiopathic tetany, especially in males, is an 
excessively rare disease. A patient is reported in whom this diag- 
nosis is justified by the exclusion of all recognized causes for this 
condition. 

3. We have had the opportunity over a period of 4 consecutive 
years to observe, clinically and by laboratory studies, the effects 
of various forms of therapy. Calcium lactate by mouth for some 
unknown reason produced symptomatic relief but failed completely 
to raise the serum calcium above the tetany level. Viosterol was 
totally ineffective. Thyroid feeding was followed by an elevation 
of the subnormal metabolic rate but had no effect either on the 
tetany or on the serum calcium. Parathormone, subcutaneously 
administered, produced complete relief of tetany and elevation of 
the serum calcium above the tetany level during the period of its 
use. Parathyroid transplant failed completely because the graft 
probably did not remain alive. 

4. The specific effect of parathormone and the total failure of all 
other therapeutic agents to alter the fundamental state suggest 
that, iruthis case at least, chronic tetany resulted from hypopara- 
thyroidism. There are no reports available of histologic studies, 
ante-mortem or postmortem, of the parathyroid glands in chronic 
adult idiopathic tetany, hence the pathologic anatomy of this dis- 
ease is entirely unknown. 
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Iktroductiok to the History of Science, Voe. II. From Rabbi 
BEN Ezra to Roger Bacon (Parts I and II). By George 
Sarton, Associate in the History of Science, Carnegie Institu- 
tion of Washington. Pjj. 1251. Baltimore; The Williams 
& Wilkins Company, 1931. Price, $12,00. 

It is impossible to avoid superlatives in writing of this stupendous 
work, properly called “one of the major intellectual undertakings 
of the century.” In ^mIume I, which appeared in 1927, the unusual 
nature and wide purpose of the work, begun in 1912, was explained. 
Each chapter devoted to a given period of varying length began with 
a summary of the main facts, constituting a short account of the 
develojunent of science during that period. These with the intro- 
ductory chajjter were the only parts intended for continuous read- 
ing, the larger remainder being like a huge ccdalogue raisonne 
intended for reference and study. The ambitious purpose of the 
whole is to present and explain the whole development of science, 
that is, “systematized positive knowledge.” The importance of 
such a task, especially when it concerns “the only human activity 
which is truly cumulative and progressive,” will be readily granted. 
More doubt might be felt about the ability of any one individual to 
accomplish it, but few could foretell the astonishing industry and 
productivity of Dr. Sarton, who mu.st truly have lived for his task 
and for but little else in the past 20 years. 

Volume I covered from the dawn of Greek and Hebrew science 
through the time of Omar Khayyam. Egypt, Mesopotamia and 
other possible dawn spots were not included, both on account of 
the difficulties in the way of strict chronological arrangement and 
the author’s professed lack of sufficient philological and archeological 
equipment. The second volume, covering the 12th and 13th cen- 
turies from Rabbi ben Ezra to Roger Bacon, has on account of its 
bulk been divided into 2 books but with continuous pagination 
and one index for lioth. Following an explanatory preface comes 
an introductory chapter of over 100 pages, which is a book in itself, 
l)resenting a survey of the thought of the 2 centuries on the S or 10 
major branches of science. Next come 4 “ books,” one for each half- 
century, each divided into 13 or 14 chapters on a Survey of Science 
and Intellectual Progress, Religious and Philosophical and Cul- 
tural Backgrounds, the Translators, Education, the individual 
sciences and an apjiendix. As the 4 sur\mys are much the largest 
of these chapters (totaling another 275 pages), it results that more 

vot,. 1S3, KO. 3. — MAncH, 1032 l.'i 
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than a third of Volume II is devoted to a connected line of thought 
and expression, not unrelieved by pleasing flights of fancy and 
dignified humor. In the mountains of scientific data, the names of 
individual scientists or scientific details can be easily found with 
the help of one large index of 109 pages. Thus Hippocrates appears, 
even in this volume, 37 times; Hunain b. Ishaq, 38; St. Thomas 
Aquinas, 51; Roger Bacon, 63 and Maimonidez, 70 times. As an 
example of the author’s thoroughness, he has spent “much time 
and energy in the study of Arabic and Hebrev"” in the past few 
years, to improve his knowledge of these languages and cultures 
and the results are apparent in the printed book. And j''et, feeling 
his knowledge inadequate to allow him sufficient penetration of 
Jewish and Muslim minds, he is spending the present year in the 
East for further intensive study. This will shortly bear fruit in a 
Prolegomena to the history" of science which will be even more 
complete than the Introduction of these 2 volumes. "While the 
index of this volumes makes the work an excellent lexicon, and 
bibliographic details, occupying 15.7 per cent of the whole, make it 
an excellent bibliography of the science of the period, nevertheless 
the author rightly emphasizes its synthetic qualities and prefers 
to look upon it as "a scientific map with full indications of sources.” 

Just as Volume II, covering two centuries, is considerably larger 
than Volume I, covering 20, so the ever increasing stream of science 
will constantlj'- add to difficulties of accomplishment. Nevertheless, 
the author rightly feels that he should be able so to indicate the 
path that other trained scholars will carry out the plan when he 
lays down the burden. His astonishing productivity leads us to 
hope that he may so far continue the work that the task of the 
others vdll be slight. In any case, w'hat he has already accomplished 
ensures his fame as an historiographer. Every scientific library 
must possess this work and many individuals will choose to do so , 
especially as the aid of the Carnegie Institution has kept the price 
remarkably low. "We hai'e no adverse criticisms, and if we had, 
in the light of the above, would consider it presuniptuous to offer 
them. , E. K. 


LeZIOXI DI hlEDICINA BlOLOGICA. By C. hLvRTELLI. Pp. 548; 

illustrated. Naples: Edizioni Rinascenza Medica, 1930. 

This is a collection from Rinascenza Medica of 66 articles by some 
30 or 40 Latin authors, writing in Italian. There is a wide range of 
subjects, for instance, the first 11 are on medical philosophy, derma- 
tology, tuberculosis, pathologic anatomj', surgery, acidosis, hema- 
tology and cancer (3). The approach is predominantly^ clinical. 
Attractions are the inexpensive but artistic binding, the inclusion 
of the author’s portrait at the head of each article and a two to four 
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line summary beneath the title. Beyond making these articles 
somewhat more available, we fail to see much useful purpose in 
the publication. E. K. 

A Clinical Study of Addison’s Disease. By Leonard G. 
Rowntree, M.D., and Albert M. Snell, M.D., Division of 
Medicine, The Mayo Clinic and The j\Iayo Foundation. Pp. 
317; 41 illustrations. Philadelphia: W. B. Saunders Company, 
1931. Price, S4.00. 

The recently discovered cortical hormone Ijy Swingle and Pfiffner 
fortunately was available for use by the authors. This with the 
surprisingly large material available, and the skillful handling of 
the many aspects of the problem, make it an extremely valuable 
contribution. The 50 pages devoted to the history of the subject 
and to Addison’s original cases give a background which should be 
emulated by more writers on clinical subjects. E. K. 


BOOKS RECEIVED. 


NEW BOOKS. 

Electrotherapy and Light Therapy. By Richard KovXcs, M.D., Clinical 
Professor and Director of Physical Therapy, Polyclinic Medical School 
and Hospital, New York. Pp. 628; 211 illustrations. Pliiladelphia: 
Lea & Febiger, 1932. Price, S6.50. 

History of Medicine in the Province of Quebec. By Maude E. Abbott, 
B.A., M.D. Pp. 97; 41 illustrations. Montreal; Medical Museum, 
McGill University, 1931. Price, S3.00. 

Living the Liver Diet. By Eljier A. Miner, M.D., Independence, Kansas. 

' With Introduction by Wilbiam P. Murpha', M.D., Instructor in Medi- 
cine at the Harvard Medical School, Boston. Pp. 106; 3 illustrations. 
St. Louis: The C. V. Mosby Company, 1931. Price, .S1.50. 

Growth in Private School Children. By Horace Gray, Stanford University 
Hospital, San Francisco, and J. G. Ayres, The Institute for Juvenile 
Research and Behavior Research Fund, Chicago. Pp. 282; illustrated 
with figures and tables. Chicago: University of Chicago Press, 1931. 
Price, S3.50. 

The Use of the Self. By F. Matthias Alexander, with an Introduction 
by Professor John Dewey. Pp. 143. New York: E. P. Dutton & Co., 
Inc., 1932. Price, $2.00. 

Female Sex Hormonology. By William P. Graves, A.B., M.D,, F.A.C.S., 
Professor of G 3 mecology at Harvard Medical School, Surgeon-in-Cliief 
to the Free Hospital for Women and to the Parkway Hospital, Brookline. 
Pp. 131. Philadelphia: W. B. Saunders Companj’-, 1931. Price, $3.50. 

Introduction to the History of Science, Vol. 2, From Rabbi ben E^ra to Roger 
Bacon {Parts 1 and 2). By George Sarton, Associate in the History of 
Science, Carnegie Institution of Waslnn^n. Pp. 1251. Baltimore: The 
Williams & Willdns Company, 1931. Price, $12.00. See reAuew page 425. 
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The Vitamins. Monograph, of the Pickeii-Thomson Research Laboratory, 
Vol. 1, September, 19S1. Ethel Browning, M.D., Liverpool, Assist- 
ant Pathologist to the Pickett-Thomson Research Laboratorp, St. Paul’s 
Hospital, London. Pp. 575; illustrated’.-. 4’-. C,'.i ir< rr-'l tr-hV--, London: 
Bailliere, Tindall & Cox; in America, Balii!’-.i'!!-: 'i': ■■ 1'. ■ & Wilkins 

Company, 1931. 

A Doctor of the 1870’s and 80’s. By William Allen Pusby, Sometime 
President of the American Medical Association and of the American 
Dermatological Association. Pp. 153; illustrated. Springfield, 111.; 
Charles C Thomas, 1932. Price, 53.00. 

A Nonsurgical Consideration of Prosiatic Enlargement. By Edwin W. 
Hihsch, Associate in Urology, College of Aledieine, University of Illinois; 
Urologist, Englewood Hospital, Chicago. Pp. 79; 6 illustrations. St. 
Paul, Minnesota: Bruce Publishing Company, 1931. Price, 52.00. 
History of Medicine m the United Stales, Vols. 1 and 2. By Francis R. 
Packard, M.D., Editor, Annals of Medical History. Pp. 1323; 103 
illustrations. New York; Paul B. Hoeber, Inc., 1931. Price, S12.00. 
Imhotep to Harvey. Backgrounds of Medical History. Bj’" C. N. B. Camaci 
M.D., Assistant Professor of Clinical Medicine, College of Ph.A^sicians 
and Surgeons, Columbia University. Foreword by Henry Fairfield 
Osborn, Sc.D., LL.D. Pp. 324 ; 2 illustrations. New York, Paul B. 
Hoeber, Inc. Price, .53.75. 

Allergy and Applied Imnninology. Bj’ Warren T. Vaughan, M.D., Rich- 
mond, Va.' Pp. 359; 20 illustrations and numerous table.?. St. Louis; 
The C. V. Mosby Company, 1931. Price, 54.50. 

Alanual for the Jewish Diabetic. B3' William S. Collens, B.S., M.D., 
Assistant Cliief, Diabetic Clinic, United Israel Zion Hospital. Foreword 
by Henry Joachim, M.D., Clinical Professor of Medicine, Long Island 
College of Medicine, Brookl3Ti. Pp. 138; 21 illustrations. New York: 
Bloch Publishing Compan3’, 1931. 

Medicine in Virginia in the Eighteenth Century. B3^ Wyntiham B. Blanton. 
Pp. 449; illustrated. Richmond: Garret & Massie, Inc., 1931. Price, 
57.50. 

Nutrition Abstracts and Reviews, Vol. 1, Nos. 1 and 2, October, 1931. Pp. 351. 
Aberdeen; The Aberdeen University Press, Ltd., 1931. Price, 13 shil- 
lings. 

Courts and Doctors. By Lloyd Paul Stryker. Pp. 236. New York: 

. The Macmillan Compan3’-, 1932. Price, .52.00. 

A Radiological Study of the Para-nasal Sinuses and Mastoids. By AmedAe 
Granger, K.C.B., K.G.I., M.D., F.A.C.R., Professor of Radiolog}^, 
Louisiana State University Medical Center; Director of the Department 
of Eadiolog3', Louisiana State Charity Hospital, New Orleans. Pp. 
186; 113 illustrations. Philadelphia; Lea & Febiger, 1932. Price, 55.50. 


NEW EDITIONS. 

Varicose Veins. By H. 0. AIcPheeters, M.D. F.A.C.S., Director of the 
Varicose Vein and Ulcer Clinic, Minneapolis General Hospital. Pp. 285; 
62 illustrations. Third edition reidsed and enlarged. Philadelphia: 
F. A. Davis Companj’, 1931. Price, S4'.00. 

A. nen- chapter has been added on ‘‘The Causes of Failure in the Injection Treat- 
ment of V.aricose .Veins," and the chapter on Elephantiasis has lieen expanded to 
include the ‘‘Elephantoid States Due to Lymphatic Obstruction." 
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Studies on the Relation Between Tumor Susceptibility and Heredity. 
V.. The Influence of Heredity Upon the Incidence of Lung Tumors in 
Mice. — Clak.a J. Lynch (./. Exper. Med., 1931, 54, 747) writes that it is 
well known different constitutional types react in various ways to dis- 
ease. Particularly interesting is the question of determining whether 
siich types arc inherited as the demonstration of inheritance of distinct 
types may aid in the diagnosis of conditions of nonbacterial origin. 
The experimental data that have been collected in the author’s labora- 
tory concern tlie incidence of lung tumors in mice are as follows: 
Strains in mice exist which differ markedly in regard to the incidence 
of spontaneous lung tumors in the several strains; these strains vary 
in liability to induced lung tumors and these differences arc inherited. 
It is important to determine whether or not spontaneous tumors in 
the experiment involved in a cross between strains would parallel 
those yielded by induced tumors. The experimental work consisted 
of crossing a male mouse who came from the strain in which there 
was a high incidence of spontaneous lung tumors with several females 
from a low-tumor strain. The first generation was then backcrossed 
to individuals of the original strain. It was found in the backcross 
from stain D, the high tumor strain, that the incidence of tumor 
was extremely high, 130 in 204 mice, whereas the backcross from 
strain 1194, in a total of 21S, the incidence was only 16 in the 
mice that were over 6 months. The more detailed observations can- 
not be recorded due to lack of space. Suffice it to say that the author 
shows that from all evidences there are undoubtedly among mice con- 
stitutional types which differ in incidence of tumors of the lungs and 
that these differences are inherited without any apparent influence of 
sex. She says also that the number of genetic factors involved has not 
been determined, and there is a possibility of there being such factors to 
affect tumor age. 
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Lesions of Isthmus (Pars Interarticularis) of Laminse of Lumbar 
Vertebrse,— Chandler iSiirg., Gynec. and Obst., 1931, 53, 273) says 
that solution of bony continuity at the isthmus is a common lesion of 
the lower lumbar spine. The presence of such a defect can be deter- 
mined clinically and by tlie proper interpretation of good roentgeno- 
grams of the lumbar spine. The stability and strength of the lumbo- 
sacral articulation is impaired by tlie presence of such defects. The 
developmental origin of such clefts has been assumed rather than 
proved. Further study of spines of the fetus and newborn is desirable. 
Fractures of the isthmus are frequently complicated by spondylo- 
listhesis. Operation in selected cases will restore stability to the 
lumbosacral juncture. 


Nonvenereal Prostatitis.— -Briggs {Urol, and Cvtan. Rev., 1931, 35, 
551) finds that the prostate is not ruled out as a focus of infection as 
often as it should be. Nonvenereal, nontuberculous prostatitis is in- 
sufiiciently stressed in most of our standard textbooks. This review 
has led the author to believe that 18 to 20 per cent of all cases of prosta- 
titis are of nonvenereal origin. A diagnosis of chronic prostatitis often 
requires several examinations, and in most cases tlie examination 
means much more than palpation. The symptoms are very variable. 
Treatment may or may not be satisfactory, but in most cases requires 
time and patience. 


Carcinoma of the Thyroid Gland. — Dunhill {Brit. J. Stirg., 1931, 
19, 83) says that there are three types of cancer of the thyroid, scirrhus, 
papilliferous adenocarcinoma and malignant adenoma. In the thyroid 
gland epithelial proliferation is the characteristic response to stimula- 
tion. The proliferation may resolve spontaneously or under treat- 
ment. It may form a benign tumor or it may form a tumor which 
invades and disseminates. These stages merge into one another bj^ 
insensible gradations. These histologic gradations cause difficulty in 
deciding just when a tumor has become malignant. Proliferation of 
thyroid epithelium may be papilliferous or follicular in tjqie. Papil- 
liferous adenocarcinoma may be an ultimate result of the former 
malignant adenoma of the latter tjq)®- nodule in the thyroid should 
not be regarded as of no importance, and early changes in signs or 
symptoms associated with it should induce the practitioner to investi- 
gate the cause of these changes. Histologic examination should be 
made in every case of removal of thyroid tissue, and sections should be 
made in every case of removal of thjwoid tissue, and sections should 
be taken from different areas. Advanced cases should not be regarded 
as hopeless when the condition of the patient justifies it, as much of 
the tumor should be removed as possible and then Roentgen ray treat- 
ment commenced. By this means comfort is given and life is some- 
times prolonged to a surprising extent. 
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Apomorphin in the Treatment of Paroxysmal Tachycardia.— Viktor 
Weiss {Med. Klin., 1931, 27, 1608) reports most favorable results in 
the rapid control of paroxysmal tachycardia from tlie subcutaneous 
injection of 10 mg. of apomorphin. Favorable results were obtained in 
this one patient in five different attacks. The author discusses the 
use of apomorphin for tliis purpose emphasizing the fact that its potent 
emetic action is accompanied by powerful vagal stimulation. He cites 
one other report in the literature of a similar use of apomorphin. In 
closing he feels justified in recommending this agent both on the basis 
of its probable effectiveness and upon its safety. Attention is also 
directed to the fact that emesis induced by other methods has been 
proved frequently to abate attacks of paroxysmal tachycardia. 


The Use of Sulphur in Peripheral Vascular Disease.— Marked benefit 
often follows the production of fever by the administration of non- 
specific proteins in patients with chronic peripheral vascular disease. 
This form of therapy, however, carries with it certain inherent dangers 
and disadvantages. In the intramuscular injection of sulphur, it also 
produces fever which is of much longer duration than that produced 
by most other methods and of which therapeutic use has been made in 
the treatment of tabes and paresis. Waller and Allen {Ann. Int. 
Med., 1931, 5, 478), therefore, tried the injection of sulphur in a series 
of patients suffering from thromboangiitis obliterans, arteriosclerotic 
occlusion in the extremities and patients with painful paresthesia. They 
found that a dose of from 1 to 3.5 cc. of a 2 per cent suspension of sul- 
phur in olive oil was sufficient to produce* a significant elevation of body 
temperature up to 2° C. above normal which generally occurred witli- 
out severe chill, began gi-adually 6 or 7 hours after injection and lasted 
on the average of 2 days. It is seen from this latter figure that the 
pyrexia is of considerably gi-eater duration than that produced by the 
proteins. A serious disadvantage, however, from these injections was 
found in the development of severe local pain at the site of injection. 
The therapeutic effects were quite as satisfactory as those followdng the 
intravenous use of proteins and sometimes considerably more satis- 
factory. Despite the disadvantages inherent in tlie severe local pain, 
the autliors believe that the intramuscular injection of sulphur is par- 
ticularly advantageous in elderly and greatly weakened patients 
because of its relative freedom from danger. 
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The Blood Pressure in Boys and Girls Before and After Puberty.— 
Richey (Am. J. Dis. Child., 1931, 42, 12S1) as a result of this study 
found that the average blood pressures of children increase with age, 
except that the pressures of females tend to decrease after the 16th 
year. The forms of the pressure curves indicate that factors other than 
age are active in ehanging the slope and direction of the curves. Blood 
pressures of normal children of the same age vary within wide limits. 
There are also wide fluctuations of the pressures of any child, which 
may be explained, to some extent, in terms of known influencing 
factors. Normal blood pressure may be best described as a range. For 
larger groups of children, the size of the range does not appear to be 
influenced by sex, age or race. Significant differences exist between 
the pressures of the two sexes. The average systolic pressures of girls 
appear to be higher than those of boys for ages from 10 to 13. After 
13 years the pressures of boys exceed tlmse of girls, the differences 
increasing with age. The average diastolie pressures of girls and boys 
vary only within the limits of unreliability, but from 11 to IG years 
the consistently higher absolute values for girls suggest real dift'er- 
ences. The average pulse pressures of boys exceed those of girls after 
the thirteenth birthday, the difference increasing with age. Systolic, 
diastolic and pulse pressures are intercorrelated at all ages. The 
correlation coefficients expressing the relation between systolic and 
diastolic pressures and betiveen s^i'stolic and pulse pressures are posi- 
tive. The correlations between diastolic and pulse pressures are 
negative at all ages. These relationships have been interpreted to 
indicate that persons who have systolic pressures above average tend 
to have both diastolic and pulse pressures above the average, and 
according to Stocks those with diastolic pressures above average will 
tend to have pulse pressures below average but not by the same amount, 
so that the total or systolic pressures will tend to be above the average 
also. The negative correlations between diastolic and pulse pressures 
indicate that the higher the diastolic pressure, the less additional force is 
necessary to maintain circulation. The coefficients of correlation for 
systolic and diastolic pressures decrease with age, wliile those for 
systolic and pulse pressures increase. The relation between systolic 
and diastolic pressure changes as the higher levels that accompany 
increased age are attained. Systolic pressure and to a less extent, 
diastolic pressure are related to physical development. Systolic 
pressure is correlated with physical development independent of age. 
The correlation between height and systolic pressure disappears when 
weight is held constant. The differences of children as to precocity of 
sex maturation arc reflected in the behai'ior of the blood pressure. 
Children different as to the precocity of maturing, are difierent as to 
anatomic and physiologic development at all ages before the onset of 
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puberty and, in some ways, for a number of years tliercafter. Differ- 
ences of tbe blood pressures of children of any given age are probably 
as pronounced as those in growth in general. In spite of the correlation 
between pressure and variables of growth, the physical superiority 
of children who mature early is not in itself sufficient to account for 
the behavior of the blood pressure. 


Vaccine Treatment of Asthma in Childhood.— Mitchell and Cooper 
{Arch. Prd., 1931, 48, 75]) comment that it is impossible to draw con- 
clusions fro7n such a report as this, but that their results and a 
review of the literature seem to indicate that a certain number of 
children, whose asthmatic attacks are associated with upper respira- 
tory tract infections, arc decidedly benefited by the use of vaccines, 
and in some attacks, which have pi’cviously been frequent and severe, 
cease for mojitbs or years after such ti’catment. Vaccines are helpful 
sometimes when other nmthods of treatment liaA’e failed. It is not 
clear whether the vaccine treatment acts by specific desensitization to 
mici’obrganisms which the patient harbors in liis nose and throat and 
which may he causative of the asthmatic attacks, or whether the 
mechanism is simply one of nonspecific protein therapy. In their work 
they have employcfl vaccines made fi’om those microorganisms obtained 
from the patient’s nose and throat, to rvhich he was sensiti-ve by skin 
test. It may he nece.ssary to repeat the treatment Avith freshlj’ prepared 
vaccines after a period of several months. 
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Dermatitis Venenata Due to Shoe Leather.— Lewis {Arch. Derm, 
and Syph., 1931, 24, 597) adds another cause to the already over- 
burdened list of agents capable in suceptible subjects of provoking a 
contact dermatitis; confirming a similar observation by Bloch. The 
report is timely,- hoAvever, inasmuch as the present tendency is to con- 
sider all inflammatory dermatoses of the feet to be of fungous origin. 
The 2 patients reported by the author had a dermatitis of the feet 
which Avas only relicA'ed by finding a positiA^e patch test Avith the offend- 
ing shoe leather and i-emoval of the cause. 


Argyll-Robertson Pupils, True and False.— Adie {Briiish Med. J., 
1931, 136, 36S1) introduces his subject by the apparently contradictory 
statement that the true Argyll-Robertson phenomenon is an infallible 
sign of syphilis yet pupils that react on accommodation but not to 
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light (the usual definition of an Argyll-Robertson pupil) are met with 
in some 20 odd conditions unrelated to syphilis. For a definition, the 
author reverts to the original paper of Argyll-Rohertson in 1869 who 
described “4 cases of spinal miosis” in which, although the retina was 
quite sensitive and the pupils contracted at once on accommodation 
for near objects, there was no response to light and that only slow and 
partial dilatation occurred on the application of a strong atropine 
solution. The UTiter then proceeds to analyze this definition by stating 
that the typical A. R. pupil is small, not exceeding^2| mm. in diameter. 
Typically the A. R. pupil contracts at once and fully, often excessively, 
on convergence. Thereafter it dilates again promptly. Furthermore, 
the pupil in question remains the same size indefinitely regardless of 
the amount of light that enters it; false A. R. pupils often A^ary in size 
or dilate when shaded. The author defines the Argyll-Robertson pupil 
by the statement “ small pupils, constant in size, unaltered by light or 
shade, contracting promptly and fully on convergence, dilating again 
promptly when the effort to converge is relaxed, and dilating sIoav and 
imperfectly to mydriatics. The pupils may be irregular or unequal; 
the lids maj' droop or be retracted.” The autlior believes the term 
“fixed pupil” is an unfortunate one and should be reserved for pupils 
that react neither to light, direct or consensual, nor on convergence. 
Even such pupils often react on forcible closure of the lids. Syphilis is 
merely one of many causes of partially fixed pupils. In partial or 
recovering lesions of the third nerve, most often traumatic, the pseudo- 
Argyll-Robertson pupil of Axenfelt mjiy be observed. The chief clinical 
features are: the condition is often unilateral; pupils vary in size from 
time to time; pupils never miotic; the reaction to light, though absent 
to ordinary tests, is not really abolished; the pupil dilates in the dark; 
the reaction on convergence is peculiar; accommodation, though normal 
in range, is sometimes slow; and prompt and full dilatation occurs with 
mydriatics. 
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Menorrhagia Treated by Pituitary Hormone.— A most interesting 
report by Novak and Hurd {Am. J. Ohst. and Gyncc., 1931, 22, 501) 
deals with tlie treatment of 51 cases of functional uterine hemorrhage 
by an anterior pituitary luteinizing substance derived from the urine 
•of pregnant women. In 44 of these tlie treatment was successful in 
checking the bleeding even tliough some of tlie patients were treated 
with preparations of somewhat uncertain luteinizing potency. Previous 
efforts at tlie organotherapy of this condition have been unsuccessful. 
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Radiotherapy is very undesirable in young women, so that, because of 
the frequent intractability of functional hemorrhage, many patients 
have to submit to repeated curettage. The characteristic ovarian 
finding in these cases is an absence of corpora lutca. The administra- 
tion of progestin, if this were available, would be a rational plan of 
treatment. Progestin, the hormone from the corpus luteum of the 
ovary, is not yet available for human administration, and its effect 
would be purely substitutional, as it has no effect on the ovaries. 
The administration of the luteinizing hormone of the anterior pituitary 
(prolan B) can be expected to be more fundamental in its effects. 
This substance has been shown by laboratory studies to produce strik- 
ing luteinization in the ovaries, and the secretion of the lutein cells is 
progestin, the element lacking in functional uterine hemorrhage. The 
hormone can be obtained from the urine of pregnant women, although 
its extraction is as yet somewhat difficult. In 14 of the 51 cases in 
this series the bleeding ceased after a single injection, and in 12 after 
two injections. A large proportion of these cases were of the intract- 
able and recurrent type, many having had from one to four or more 
curettements. In regard to the method of preparation of the hormone 
used in this work, it may be stated that the urine from pregnant women 
is concentrated and subjected to precipitation with water-soluble 
organic solvents, such as alcohol or acetone, thereby removing a large 
amount of inert material. Though both prolan A and prolan B are 
present in the resultant material, the dominant action is that of the 
luteinizing hormone. The rapidity of the effect in many cases makes it 
seem certain that the immediate effect is not brought about through 
the production of lutein tissue and progestin by the ovary. They 
believe that this immediate effect is exerted upon the still unknown 
bleeding factor which is the immediate cause of the bleeding in func- 
tional hemorrhage and which is influenced by far smaller dosage than 
would be required to produce histologic changes in the ovary. Their 
experience has convinced them of the value of this treatment in func- 
tional hemorrhages and of its even greater future possibilities. 
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Intraocular Blastomycosis.— Schwartz {Arch. Ophihal., 1931, 5, 581) 
reports_ a case of metastatic iritis in a patient, aged 38 years,’ with 
systemic blastomycosis, in whom tlie primary lesion was in tlie lung, 
coincident wiBi the onset of the iritis a number of superficial abscesses 
developed. The patient died within about tvm months, I^^len the 
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eye was first examined, in addition to the usual signs of iritis, a small 
nodule resembling a tubercle was present in the lower part of the iris. 
This nodule increased in size gradually, became purulent and ruptured 
into the anterior chamber which became filled with pus. Blastomy- 
cetes were recovered from this pus. At the onset of the iritis the 
fundus Avas normal. Histologic examination of the eye removed at 
autopsy shmved a purulent keratitis and iritis with numerous blasto- 
mycetes. An incision had been made through the cornea for evacua- 
tion of the pus in the anterior chamber and apparently the corneal 
involvement was secondary to this. The ciliary body and choroid 
Avere essentially normal. Blastomycosis of the eyelids is frequent in 
association Avith other skin lesions. The eonjunctiA-a is almost Immune. 
Corneal ulcers haA-e been reported Avhieh probably became infected 
Avith blastomycetes from lesions on the lids. Tavo cases have been 
reported in Avhicli blastom,ycetes AA'ere recoA'ered from purulent intra- 
ocular exudation. In both of these the infection Avas probably through 
a corneal lesion. No definite case of metastatic intraocular blasto- 
mycosis has been reported preAuously. In the discussion of this paper 
Kronfeld stated that Stock had obtained tubercle-like lesions in the 
iris and metastatic retinochoroiditis folloAving intravenous injection of 
blastomycetes into rabbits. 
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The Value of Roentgenography in the Diagnosis of Congenital 
Syphilis. — hlaterial rcAueAved in this study by Vogt J. Rocnf. and 
Rad. Thcrap., 1931, 26, 96) consisted of 109 infants under 2 years of age 
and mostly under 1 year. Blood Wassermann reactions were recorded in 
91 and found positNe in S3, or 91.2 per cent. Eight were negatiA’e or 
doubtful. The roentgenologic examination rcA^ealed bone lesions in 
95 cases or 91.3 per cent, and in 71.1 per cent the bone changes Avere 
definitely diagnostic. The changes readily recognized and of chief 
diagnostic importance Avere; (o) Bone production exhibited as sub- 
periosteal thickening; (5) bone destruction or osteomyelitis, and (c) 
disturbance of groAVth. Subperiosteal thickening Avas most common. 
It must be distinguished from periostitis due to other infections, par- 
ticularly' tuberculosis, and from the pseudoperiostitis seen in rickets. 
Dactylitis, AA-hich is really a periostitis of the phalanges, Avas noted in 
16 cases. Osteomyelitis, eAudenced by lione absorption and usuali.V' 
accompanied b.v new bone formation, Avas found in 63 per cent of cases. 
Usuallv it occurs at or near the ends of the long bones. A special type 
of osteomyelitis appears as bilateral semilunar defects at the upper ends 
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of the tibiie medially, adjacent to or just below the epiphyseal lines; 
^h){^t rei^ards it as pathognomonic of lues. Growth disturbance may l)c 
manifested by a dense narrow line at the ends of the diaphyses, with a 
parallel zone of diminished density. 

Gall Stone Obstruction of the Duodenum. — A case in which the 
duodenum was completely obstructed by a large gall stone is reported 
by Crane (Am. J. Roent. and Rad. Tlirrap., 1931, 26, 92). The shadow 
of the barium mixture ended abruptly just anterior to the duodeno- 
jejunal flexure, and the entire duodenum was dilated. In addition, 
the opaque mixture entered and depicted the common duct, some of 
the hepatic ducts, the cystic duct and the gall bladder. On reviewing 
the literature of the last S years, the author found 4 other cases of 
duodenal obstruction by gall stones, and 2G of similar obstruction in 
the small bowel beyond the duodenum. 


Irradiation Treatment of Myoma of the Uterus.— Two hundred 
and eighty-four cases of uterine myoma were treated by Schreiner 
(Radiol:, 1931, 17, 26.5). The size of the tumor was definitely influenced 
in 85 per cent, with regression to normal or at least a diminution to 
half the original size. Bleeding was controlled in from 96 to 100 per 
cent. Of the cases treated 98.5 per cent became symptomatically well. 
The menopausal symptoms— neurosis, hot flashes, sweating — with 
few exceptions did not seem to be any more severe after irradiation than 
in the average menopause. 
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Deafness in Trichinosis.— Bosch (Munchen. mcd. Wclmschr., 1931, 
78, 436) reports the case of a female, aged 51 years, who was admitted 
to a hospital with a trichina infection, 23 days after ingestion of ham 
from bears. Her symptoms comprised diwsiness, pains in the muscles 
and stiffness; blood examinations revealed an eosinophilia and demon- 
strated the trichinse. Tyvo weeks after eating the bear flesh she first 
noticed deafness. Ten days after admission she was totally deaf; air 
and bone conduction were both lost; it was impossible to carry out the 
Weber or Schwabach tests. No abnormality could be detected in tlie 
ear passages or tympanum; the nose and tln-oat Yvere also healthy. A 
complete otologic examination was carried out every 3 days and a slow 
improvement became evident. After she had been in the hospital about 
a month, she was able to understand vowels and syllables shouted 
directly into her car. The author regards the deafness as due to toxic 
acoustic neuritis rather than to a direct implication of the eighth nerve 
by the trichinae. 
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The Glucose Tolerance Curve in Epilepsy.— Mackay and Barbash 
{J. of Menial Science, 1931, 72, S3) state that wliile there is no typical 
glucose tolerance curve in epilepsy, a high percentage of epileptic 
patients present a glucose tolerance curve of a definitely subnormal 
type. _ The writers have attempted to correlate the type of epileptic 
(viz., irritable, confused, demented) with the blood-sugar level, but have 
been unable to determine that there is any such relation. Similarly 
they have been unable to establish any definite relation between fre- 
quency of fits and the blood-sugar level. The comparatively high per- 
centage of cases with renal glycosuria in their series is worthy of note. 

Curable Forms of Purulent Meningitis of Traumatic Origin. — 
Bregman and Krukowski (L’Encephale, 1931, 26, 110) find that 
meningitis is one of the most fatal complications of fracture of the 
skull. They present, however, 3 cases which recovered. In the first 
case, coliform bacilli were found in the cerebrospinal fluid, in the second 
case hemolytic streptococci, while in the third the fluid, although 
pm-ulent, remained sterile. In the first and third cases a fixation 
abscess produced by an injection of turpentine appeared to have a 
beneficial effect. 
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The Protective Measures of the State of California Against Botu- 
lism, — In a Cutter Lecture delivered by Harvard Medical School Meter 
(J. Prev. Med., 1931, 5, 261) summed up the developments preceding 
the organization of scientifically controlled canning procedures and 
their effect on the incidence of botulism in the United States. He 
states that food commercially preserved in the United States has not 
been connected with any of the recognized cases of botulism since 1925, 
therefore the processes of canning should be under official supervision 
in everj' state of the Union. In the 193 single and group cases of 
botulism occurring over a period of approximately 30 years 131, or 
6S per cent, with an average mortality of 65 per cent, were caused by 
home-canned or home-preserved food articles, usually vegetables. 
Understerilization or inadequate curing have with monotonous regu- 
larity been the prime factors. To prevent the occurrence of tragedies 
due to poisonous string beans or corn is one of the pressing problems. 
Irrespective of the fact that botulism is one of the few diseases which 
can be readily avoided, groups of people continue to ignore the two 
following simple rules: (1) All home^canned vegetables and other 
nonacid foods should be thorouglily boiled before use. (2) The person 
who opens the container and prepares the contents for the table should 
be familiar with the standards of quality and should ruthlessly discard 
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any product which has leaky lids, an “off odor” or other signs of 
spoilage. Bublic health workers have been led to advocate the preserva- 
tion of nonacid foods by drying, by curing in 10 per cent brine or by 
pickling in acidified brine. Aside from being simple and inexpensive, 
these methods have the one great advantage that the fopd is "not ready 
to be served” from the jar, but requires thorough soaking in water and 
sometimes subsequent boiling— the greatest safety device against 
botulism. Until there is an end to the custom of serving liome-canned 
string beans and other vegetables cold as salads, often heavily seasoned 
with vinegar or mayonnaise dressings, which disguise any suspicious 
odors, botulinum intoxications maj’^ be anticipated. Every farmer’s 
wife feels qualified to preserve vegetables in a glass jar. Spoilage is 
frequently so slight that even a competent observer may be misled. 
Moreover, the unboiled contents of many jars may have been consumed 
without bad effects, and thus a false confidence leads finally to the 
disastrous meal. Neither laws similar in character to that promul- 
gated by Emperor Lex, in 905, for the purpose of preventing botulism 
due to blood sausages, nor official supervision, which is obviously 
impossible, but only the education of the masses as to the necessity for 
boiling all home-canned ^vegetables before use will in time prevent 
the frequent and needless deaths from these products. 


Hepatitis by Streptococci.— McMahon and Mallory (Am. J. Path., 
1931, 3, 299) studied the pathologic changes in 5 clinical cases of strepto- 
coccic hepatitis. In 3 of these clinical cases the organism was demon- 
strated in tlie tissue, while in the otlrer 2 the infectious genesis was 
assumed because of the lesions found. Five representative types of 
reactions are described: (1) Necrosis of liver cells particularly of the 
intermediate zones but spreading to involve the whole lobe with endo- 
thelial cell infiltration but no abscess formation. (2) Extensive focal 
necrosis of liver cells with endothelial cell infiltration, the mass of the 
liver, however, remaining normal. (3) Lesions uniformly distributed 
throughout the organ consisting of a zonal degeneration involving the 
periphery of the lobules but not those cells immediate to the portal 
areas. (4) Great proliferation of the bile ducts with atypical cells and 
increase in the interstitial tissue with the original lobular architecture 
displaced. (5) Minute grayish areas made up of numerous bile ducts 
but devoid of liver cells, while the portal vessels were still present, A 
pure culture of Streptococcus hemolyticus which had been isolated 
from a patient with scarlet fever was used for animal experiments. 
An injection was made into the mesenteric vein of rabbits with aseptic 
technique. These all had positive blood cultures after 12 hours. One ’ 
rabbit died in 18 hours with numerous«treptococci in the liver. Another 
dying in 24 hours showed fewer bacteria, while in one killed after 48 
hours very few streptococci were to be found and in the animal killed 
after 5 days no organisms were to be found and very little evidence of 
damage. All showed however, some degree of focal necrosis, which was 
not limited to the central vein areas thus differing from chemical and 
bacterial toxemias. The authors would not attribute an infectious 
origin to all liver cirrhoses but they emphasized the similarity of the 
lesions resulting from streptococcic infections to that of the healed 
stages of acute yellow atrophy, and suggest that in many cases of the 
latter sufficient search might, reveal a possible streptococcus etiology. 
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The Germicidal and Therapeutic Applications of Soaps.— Walker 
(.7 . ylm. Med. Ass?i., 1931, 97, 19) states that soaps are strongly bacteri- 
cidal against pneumococci, streptococci, meningococci, gonococci, 
diphtheria bacilli, influenza bacilli and Spirochieta pallida. Their 
activity again.st these organisms compares favorably with that of many 
of the recently synthesized chemicals. When properly used for clean- 
ing the hands or for the washing of eating utensils soaps are undoubt- 
edly potent factors in preventing the spread of diseases due to these 
organisms. The action of soaps as germicides is, however, limited by 
the fact that they do not destroy staphylococci and typhoid bacilli. 
Renaiid has recently found 2 per cent solutions of sodium oleate bene- 
ficial as an irrigation and wet dressing for ulcerated surfaces. 


The Epidemic of So-called Ginger Paralysis in Southern California 
in 1930-1931 Smith and Elvove (U. S. Puh. Health Rep., 1931, 46, 
1227) have had occasion to study an outbreak of paralysis due to the 
use of illicit ginger extract as a beverage. They report that in spite 
of the wide publicity gii^en to this form of poisoning, a year ago thi.s 
new outbreak occurred in California, also a smaller one in Massa- 
chusetts. The outbreak referred to consisted of about 12.5 cases, and 
in every case there was a history of tlie use of Jamaica ginger e.xtract 
bought from drug stores. Chemical tests showed the presence in each 
offending sample of the phosphoric ester of orthocresol, which chemical 
had been found in the earlier outbreak and accounts for the symptoms. 
Details of the chemical and pharmacologic studies are given, and the 
opinion is expressed that future outbreaks of the poisoning may he 
expected unless effective steps are taken to prevent the distribution of 
the toxic material. 


Studies on Meningococci Isolated in the United States, 1928-1930 
Serologic Classification and Geographic Distribution. Branham, Tait 
and C.ARLiN ([/. S. Rnb. Health Rep., 1930, 46, 897) note the disap- 
pointing results of serum therapy in epidemic cerebrospinal meningitis 
iri recent years and have studied types of meningococci prevalent in the 
later epidemics. About lialf the strains were well agglutinated by the 
commercial serums used, and most of the remainder of the strains were 
agglutinateil by these scrums in some degree. It is not implied that 
the agglutinabfiity indicates therapeutic efficiency of the serums against 
this specific organism, hlore than SO per cent of the strains recently 
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isolated fell into a. group which includes the Groups I and III. Tlic 
author.s report that while small isolated outbreaks are often due to one 
type of meningococci, more extensive outbreaks may involve all 
varieties. 


The Smallpox (Alastrim) Epidemic in Holland.—JiTTA {U. S. Pvb. 
IlcaJih Rep.. 1930, 45, (i(3) reports that a sailor arrived at Rottei-dam 
ill, infected his wife and she in turn infected the only unvaccinated child 
in the family (4 children). There was an outbreak of S cases in a 
hospital. jNIuch question existed as to the diagnosis for a time, and 
it was finally reported as “alastrim.” The death rate in Rotterdam 
was 5.5 per cent but nil in the remainder of the country. Following 
the extensive vaccination there was an outbreak of postvaccinal 
encephalitis — IfiS cases with 14 deaths. 


PHYSIOLOGY 

PROCEEDINGS OF 

THE PITYSIOLOGICAL SOCIETY OF PHILADELPHIA 

SESSION OF .lANUARY 11, 1032 

The Effect of Amebicidal Drugs on Tissue Culture Cells.— Mary 
Jane Hogue (from the Laboratory of Anatomy, University of Penn- 
sylvania). Much work has been done on the effect of certain drugs 
on Entamoeba histolytica but little is known of the effect of these drugs 
on the tissues of the host. There are tlwee drugs generally used in the 
treatment of infections of Entamoeba histolytica: emetin hydrochlorid, 
yatren (iodoxyquinolin sulphonic acid), and dihydranol (2 to 4 dihydroxy 
phenol-n-heptane). A fourth substance is being used by Dr. de Rivas. 
It consists of equal parts of glycerin and a 30 per cent solution 
of magnesium sulphate. These four amebicidal drugs were made up 
with Locke-Lewis solution in dilutions of 1 to 1000, 1 to 10,000 and 1 to 
50,000. Emetine was also diluted 1 to 100,000. 

Tissue cultures ivere made from small pieces of the intestine of 
embryonic chicks 7 to 9 days old. They were grown in hanging drops 
in Locke-Lewis solution for 2 to 3 days or until there were good growths 
of epithelium, mesothelium, nerves and fibroblasts. The Locke-Lewis 
solution was then withdrawn and the tissue culture was completely 
covered with a loop full of one of the diluted drugs. The effect of the 
four drugs in their various dilutions was then studied microscopically 
in a warm box. 

It was found that dihj'dranol diluted 1 to 1000 kills the cells at once 
in siht. In the higher dilutions it injures the cells at first. Later the 
tissues adjust themselves to the new medium and form fairly normal 
growths. 

Emetine hydrochlorid in all the dilutions used kills the tissue culture 
cells. They disintegrate and the hanging drop is a mass of debris. 

Yatren diluted 1 to 1000 kills the tissue culture cells slowly. In 
the higher dilutions there is slight injury at first followed by* fairly 
normal growths. 
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The de Rivas mixture of glycerin and magnesium sulphate is slightly 
toxic to the tissue culture cells in the dilution 1 to 1000 but they soon 
adjust themselves to the solution and normal growth follows. The 
higher dilutions do not affect the growth though at first there is a 
slight shrinking of the outermost cells. 


AjStudy of the Gregory and Pascoe Modification of the Pettenkofer 
Reaction and Its Application to the Determination of Bile Acids in Bile. 
—John Reinhold and D. Wright Wilson (from the Biochemical 
Laboratory of the Philadelphia General Hospital and the Laboratory 
of Physiolo^cal Chemistry, University of Pennsylvania). The tech- 
nique described bj'- Gregory and Pascoe^ does not yield the greatest 
possible amount of color obtainable from the cholic acids. An experi- 
mental study of tlie reaction between cholic acid, furfural, and H2SO4 
was made in order to find the most favorable conditions, which proved 
to be ‘the following; 12 NH2S04, 10.4 mg. furfural, 0.05 to 0.3 mg. 
cholic acid in a total volume of 8 cc. heated in 18-mm. tubes at 70° C. 
for 8 minutes. The solution was cooled 2 minutes and read colori- 
metrically against a standard containing 0.215 mg. sodium cholate in 
red light of about 6100 to 7000 A. For the analysis of human bile the 
protein must be remolded b3^ precipitation with alcohol and heat. Tliis 
is not necessary when dog bile is the material. 

A spectrophotometric study of the blue color formed in the reaction 
showed a well-defined absorption band with a peak near 6700 A- By 
the modified technique the light absorption was about twice as great as 
by the Gregory and Pascoe procedure. An attempt was made to obtain 
additional information concerning the interfering effect of other sub- 
stances that might be present by heating dog bile with 12 NH 2 SO 4 alone 
in the absence of furfural. Absorption spectra of solutions so treated 
indicate tliat some of the blue derivative of cholic acid is formed even 
in the absence of furfural, but that the absorption of bile heated under 
these conditions decreases rapidly from 6100 A- upward, indicating 
that tlie filters should cut off light below this wave length. The effect 
of biliverdin cannot be eliminated by filters, but interference from this 
source is not significant if precautions are taken to check the oxidation 
of bilirubin. 

Conjugated and unconjugated cholic acids give equimolar quantities 
of color. Through the lundness of Dr. Carl H. Greene of the Mayo 
Clinic, we were able to compare the acetic derivative of sodium desoxy- 
cholate with the color produced by cholic acid under the conditions of 
the modified method. The pirrest sample of sodium desoxycholate gave 
only slightly more color than the reagents alone, a second gave yV 
and a third gave y- of the amount of color yielded by an equimolar 
amount of cholic acid. It seems reasonable to conclude, therefore, that 
the color was due to impurities, perhaps cholic acid incompletely 
removed, and that the method is specific for the cholic acid series. 

Induction of the Ear from Foreign Ectoderm in the Embryo of Ambly- 
stoma Punctatum,— C. L. Yntema (from the Laboratory of Anatomy, 
Yale University). The potency of ectoderm outside the ear region to 
form an ear was studied experimentally in tlie embryo of Amblystoma 

1 Gregory, B., and Pascoe, T. A.: J. Biol, Cheni., 1929, 83, 35. 
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punctatum. Ectoderm from posterior to the ear rudiment, wiien trans- 
planted to the ear region during the later neural plate stage, frequently 
formed functional labyrinths. In the early head process stage, power 
to form an ear from this ectoderm was lost. In experiments performed 
between these stages, labyrintlis of intermediate normality developed. 

The relative potency of different regions of foreign ectoderm to form 
an ear was determined by transplanting ectoderm from several different 
parts of the embryo into the ear region when the neural folds were 
approximating. The ectoderm from the region ventral to that of the 
ear was more labile than transplants from any of the other regions. 


Experimental Studies in Gastric Physiology in Man: An Evaluation 
of the Role of Duodenal Regurgitation in the Control of Gastric Acidity 
(Boldyreff Theory).— Harry Shay, Albert B. Katz and Eugene M. 
ScHLOSS (from the Gasti'o-intestinal Clinic of the Jewish Hospital, 
Philadelphia). Since Heidenhain’s observation that the pure gastric 
juice in tlie normal dog was secreted at an acidity of 0.5 to 0.6 per cent 
hydrochloric acid and particularly since its confirmation in human 
beings by Carlson, physiologists have puzzled over the mechanism 
involved in tlie reduction of this high acidity to the one ordinarily seen 
in gasti’ic contents. Of the theories evolved to explain this reduction, 
that of Boldyreff has enjoyed the greatest popularity. Briefly this 
theory contends that tlie relatively strong gastric acid (0.5 per cent) 
entering the duodenum provokes an abundant secretion chiefly of 
pancreatic juice. At the same time the acid tlnough its irritant action 
on the duodenal mucosa, causes antiperistalsis in the duodenum, 
which in turn carries back into the stomach the alkaline pancreatic 
juice. This regurgitated juice in the stomach reduces the gastric acidity 
to approximately 0.15 per cent at which concentration it may be toler- 
ated by the duodenum. 

We studied this mechanism in human beings, using as a measure of 
regurgitation the amount of bromsulphalein present in the gastric 
contents, after the intravenous injection of the dye. 

Bromsulphalein when introduced into the blood stream is taken out 
almost quantitatively by the normal liver. From the liver it finds its 
way to the second portion of the duodenum by way of the bile. The 
dose of dye used throughout the studies was 5 mg. per kilo body weight. 
The patients selected represented tlie entire range of gastric acidity 
as determined by Ewald meal and by histarain. More than 60 determin- 
ations were made. 

Before making these determinations with various test substances, 
all patients were first standardized; (1) For removal of dye by the 
liver (blood estimation); (2) for regularity of appearance time of the 
dye in the duodenum through duodenal tube; (3) for the concentration 
of the dye in the duodenal contents during 20-minute periods for 2 hours 
after the duodenal appearance of the dye; (4) for the elimination of the 
dye bj'^ the kidneys during the test period. 

The aboi’^e' determinations were repeated tlmee times on each patient. 

Following this standardization tlie fasting stomach was intubated. 
After emptying the stomach in all positions, the proper amount of dye 
was injected intravenously. At the duodenal appearance time for the 
particular patient the stomach was again emptied in all positions. Fol- 
lowing this the patient ingested the test meal. This consisted, on sue- 
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cessive days, of 200 cc. of tap water, 200 cc. of 0.2 per cent and 0-5 per 
cent hydrochloric acid, and of 1 and 5 per cent sodium bicarbonate. 

e ^minutes after the test meal was taken, the stomach was again 
emptied in all positions. The amount recovered was mi.\ed and meas- 
ured. It was then returned to the stomach through the tube by grav- 
ity, excepting 1.5 cc., which was retained. Subsequently at 20-niinute 
intervals for 2 hours, the procedure, as at the 5-minut*e interval, was 
repeated. Each specimen retained was then titrated for free and total 
acidity and for the amount of dye when present. Knowing the approxi- 
mate concentration of the dye in the duodenum at the corresponding 
times, measuring the amount of gastric contents and determining the 
concentration of dj’e when present in the mixed specimen, enabled us 
to form a very definite idea of the amount of regurgitation that must 
have taken place. 

While we do admit that duodenal regurgitation into the stomach 
may and does frequently take place, Ave cannot, from our experiments, 
ascribe any importance to this mechanism in the regulation of gastric 
acidity. The results of our experiments are in agreement with McCann, 
that the control of gastric acidity depends essentiall 3 ^ upon some intra- 
gastric mechanism. Our experiments also suggest the possibilitj'^ of acid 
absorption in the stom'ach. Experimental data is presented indicating 
the fallacy of dissociated regurgitation of the bile and pancreatic juice 
from the duodenum into the stomach. 


Corrections 

In the article by Mora and Greene on “Thyroidectomy for ThjTotoxicosis in 
Older People” in the January, 1931, number of this Journal the paragraph preceding 
the Summary on page SO which now reads “One death occurred in the remaining 
S60 cases which comprised this series. The total mortality (7 deaths) of the entire 
series of 1060 cases, which formed the basis of this report, was 0.66 per cent" should 
read “Three deaths occurred in the remaining S60 cases which comprised this series. 
The total mortality (9 deaths) of the entire series of 1060 oases, which formed the 
basis of this report, was 0.84 per cent.” A similar correction should be made in 
paragraph 11 of the Summary. 

In the Progress notes for Therapeutics in the February, 19.32, number of this 
Journal, the reference to the article by AVinternitz on page 2S2 should be “Ztschr. 
f. Kreislaufforsch., 1931, 23, 452.” 
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By John T. King, M.L., 
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Donald McEaciiern, M.D., 


(From the Carcliographic Laboratory, Johns Hopkins Hospital and University.) 

Bundle-branch, or intraventricular, block is not an uncommon 
disorder of conduction in the heart. In a previous communication® it 
has been reported as occurring in 9 of 100 unselected cases of cardiac 
disease, in all of which electrocardiograms were made. During 
the past 4 years it has been possible for one of us to see 50 cases of 
this condition in hospitals and practice. Moreover, bundle-branch 
block is doubtless frequently overlooked since in the absence of an 
arrhythmia there is often little to direct attention to its presence or 
to suggest the desirabilitj’- of obtaining electrocardiograms, 

■ With our present knowledge of the mechanism of auricular 
fibrillation, of extrasystoles, and of auriculoventricular block, it is 
possible, in the majority of instances, to recognize these disorders 
at tlie bedside. The recognition of bundle-branch block without 
the aid of galvanometric records would, in like manner, be a dis- 
tinct advantage. Under such circumstances the clinician would be 
freed from the necessity of using the electrocardiograph in disorders 
of the cardiac mechanism save, to verify his clinical diagnosis or to 

* '\\ 0 are indebted to the anonymous donor of a fund for medical research for aid 
in this work 
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recognize certain rare abnormalities. In this paper an attempt is 
made to point out and to illustrate the phenomena by means of 
which, in the majority of cases, bundle-branch block may be recog- 
nized at the bedside. 

During tire course of observations on the exposed dog’s heart, in 
which a branch of the His bundle had been cut, Eppinger and Rotlr- 
berger'* and later, Smiths® noted that asynchronous contraction of 
the ventricles could be made out immediately after the experimental 
section: apparently, such an observation served to inform the work- 
ers 'that the operation had been performed successfully. The only 
previous attempts to demonstrate by mechanical methods that 
this phenomenon may be projected to the precordium were made, 
so far as we are aware, by ICauf* and by Eppinger and Stoerk.^ 
In each of these contributions a spiked apex ventricular wave was 
shown to occur on the apex cardiograms from an individual with 
bundle-branch block. Reduplication of the apex impulse was felt 
by Eppinger and Stoerk^ and by Kauf^ in patients known to have 
this lesion. However, prior to the report by one of us,® no one 
seems to have noted that tliis evidence of bundle block might be 
perceived in most cases by careful examination of the precordium 
and thus permit of a strictly clinical diagnosis. Additional points 
of value in the recognition of this condition were noted at tliat 
time and are here reemphasized. 

Physical Signs. Examination of tlie precordium by the usual 
methods of physical diagnosis has shown the signs of bundle- 
branch block to be as follows: 

Table 1. — Phtsical Signs of 50 Cases or Bundle-branch Block. 


No. Per cent. 

Visible apical reduplication 42 S4 

Palpable apical reduplication 40 SO 

Auscultation: 

Reduplication of first sound at apex 28 56 

Asynchronous systolic murmurs 6 12 

Single first sound and separated systolic murmur . . 8 16 


The character of the physical signs and the frequency of tlieir 
evidence in this series are very similar to those noted in tlie more 
limited report -by King.® We are, therefore, surprised that HilE 
who recently reported a Series of 41 cases of bundle-branch block 
states that such signs are not found with any degree of constancy 
and that the diagnosis is not possible at the bedside. The ausculta- 
tory signs reported by Hill are very similar to those herewith 
described thoiigli they were encountered less frequently in his 
series; he found visible and palpable reduplication, however, in only 
1 of a “few” cases in which special search was made for all the 
physical signs. No mention is made of the numlier of cases of the 
total series observed personally by Hill. In our experience, die 
visible and palpable reduplication of the apex tliriist, and particu- 
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larly the combination of the two by inspection of the palpating 
fingers, are more constant (see Table 1) and more characteristic, 
and therefore more helpful in the diagnosis, than are the ausculta- 
tory findings. 

The proportion of' diagnoses of bundle-branch block made at the 
bedside and substantiated by electrocardiograms is similar to tliat 
of the smaller series of 9 cases reported previously. (Table 2.) 
Table 2.— Fifty Cases op Bundle-bbancii Block. 


No. Per cent. 

Diagnosed clinically 34 85 

Not recognized clinically 4 10 

Suspected: not definitely diagnosed 2 5 

Number of diagnostic attempts 40* 100 


Differential Diagnosis. Inasmuch as Hill was unable to find re- 
duplication of the apex thrust by inspection and palpation and 
found reduplication of the first heart sound in only about one- 
fourth of his cases, it is natural that he was unwilling to make 
clinical diagnoses from insufficient data. Feebleness of the heart 
sounds or tlie presence of an apical systolic murmur were the com- 
monest auscultatory signs in his series. It has likewise been our 
experience that faint, or indeed inaudible, sounds at the beginning 
of systole are frequently encountered and constitute R helpful 
diagnostic sign of blundle block. But this is one sign only and, as 
Hill points out, not characteristic of this condition alone. To 
establish a clinical diagnosis, the entire group of physical signs must 
be considered. 

These signs are almost never encountered except in the presence of 
intraventricular block of some type, eitlier complete bundle-branch 
block or a marked delay in intraventricular conduction. Certain 
cases of prolonged Q-R-S interval tliat do not show all the electro- 
cardiographic features of bundle-branch block as defined by Carter® 
exhibit physical signs that are identical with those found in bundle- 
branch block. Presystolic gallop rhythm, for obvious reasons, may 
be mistaken for bundle block and vice versa. 

Among 9 cases that exlribited a prolongation of the Q-R-S interval 
but lacked the complete electrocardiographic picture of bundle 
block, systolic reduplication at the apex was seen in 7 instances and 
felt in 5, while suggestive auscultatory evidences were distinguished 
in 6 instances. It is clear, therefore, that we cannot hope as yet 
to differentiate clinically between complete bundle-branch block 
and other forms of marked intraventricular delay. It is our impres- 
sion, however, that tlie physical signs may be more marked and 
that tliey probably are more constant in cases of complete bundle 

remaiBing cases 6 were seen after the electrocardiogram was known, 
B illie in 4 other cases there was a difTcrcnce of opinion as to the diagnosis. During 
the course of these diagnostic attempts the erroneous clinical diagnosis of bundle- 
bianch block was made in G cases in which the electrocardiogram showed the condition 
not to exist. 
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block than in the other group. We have studied the physical signs 
systematically in 60 cases of complete bundle block but our series of 
other forms of prolonged intraventricular conduction is too small 
to be of real value. ' 

Presystolic gallop rhythm is the condition most likely to simulate 
the clinical signs of intraventricular block. Four years ago, one 
of us (King) in an attempt to distinguish the tiro conditions, laid 
down the following hypothetical features thought to be characteris- 
tic of each: on inspection and palpation, presystolic gallop is indicated 
by an apparently presystolic, apical lift or shock preceding a ven- 
tricular impulse that is normally sustained; infraveniricular block 
causes a split in the main ventricular lift. Thus, the adventitious 
impulse in presystolic gallop is comparatively slight and early, in 
intraventricular block it is late and follows the main systolic thrust. 
On auscultation, presystolic gallop causes a sound preceding a first 
sound that is usually vigorous or tliat is replaced by a vigorous 
murmur; in most cases of iniraveniricular block, the sounds begin 
with systole and consist of two faint sounds replacing the usual 
single first heart sound: either this is heard or the sounds are inaud- 
ible or are replaced by one or two murmurs. Applying these Iij'^poth- 
eses to the diagnosis of 100 unknown cardiac cases (among which 
were 9 instances of bundle block and 12 of presystolic gallop) 
the one condition was mistaken for the otlier only once. Among 
44 cases of bundle-brancli block (Table 2) the incorrect diagnosis 
of presystolic gallop was made in 2 instances, and by one of two 
observers in 2 otlier cases. Among 14 cases of marked presystolic 
gallop, the correct clinical diagnosis was made in every instance.. 

Marked hypertension is considered to conduce to presystolic 
gallop rhythm. Certainly it is true that presystolic gallop rhythm, 
when present, is nearly always associated with marked hypertension 
and may disappear entirely during the moments of lowered tension 
that follow administration of drugs such as the nitrites and nitro- 
glycerin. Definite apical reduplication in the presence of hj^er- 
tension may indicate eitlier presystolic gallop or intraventricular 
block. Reduplication in the presence of a normal tension would 
make us suspect the presence of intraventricular block. The diag- 
nosis of block should not be witliheld because of the presence of 
hypertension, however, provided typical signs be present. Thus, 
among the 50 cases of bundle-branch block reported in this series 
there was a systolic blood pressure of 150 mm. Hg. or above in 26 
instances (52 per cent). Three of these 26 cases had complete A~V 
dissociation and idioventricular rhytlnn with the customary high 
systolic and low diastolic .readings. 

The blood-pressure readings of tlie 50 individuals in this series 
are tabulated above (Table 3). In practically every instance, a 
given figure represents tlie average of a large number of readings 
made while the patient was under observation. 
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Table 3,— Blood Pressure in Bundle-branch Block. 


C‘tsc 


Blood 

Case 


Blood 

No. 


pressure. 

No. 


pressure. 

1 


2.50/150 

22 


155/85 

2 


240/80 

2.3 


150/80 

3 


225/100 

24 . 


150/60 

4 

First admission 

220/110 

25 


150/45 


Second admission 

210/128 

20 

In 1928 

150/60 


Tliird admission 

200/130 


In 1929 

150/40 

5 


190/110 

27 


140/90 

6 

First admission 

190/100 

28 


145/104 


Second admission 

100/00 

29 


140/81 

7 


190/110 

30 


135/85 

8 


190/100 

31 


105/75 

9 

First admission 

190/70 

32 

In 1928 

135/80 


Later 

155/90 


In 1929 

130/90 

10 

First admission 

185/100 

33 


130/98 


Levelled to 

160/100 

34 


125/80 


Second admission 

240/100 

35 


120/80 


Levelled to 

160/100 

36 


120/80 


Third admission 

lSO/110 

37 


120/90 


Fourth admission 

170/100 

38 


120/70 

11 


180/140 

39 


118/75 


Later 

lGO/130 

40 


110/95 

12 

First admission 

180-220 

41 


116/95 




42 

In 1928 

116/70 



120 


Second admission 

120/75 


Second admission 

117/98 


Present admission 

140/80 

13 


180/75 

43 


115/70 

14 


176/105 

44 


110/90 

15 


174/75 

. 45 


110/70 

10 


170/110 

40 


110/70 

17 


170/110 

47 


110/00 

18 


170/100 

48 


110/60 

19 


170/100 

49 


105/65 

20 


160/86 

60 


98/70 

21 


lCO/110 





Excluding the 3 instances in which there was also A-V disso- 
ciation with idioventricular rhythm, systolic pressures of 170 
mm. Hg. or above occurred in 17 instances; and of 200 mm. Hg. or 
above in 5 instances. These figures which are somewhat lower than 
tlrose recorded by HilP and Herrick and Smith® may be accounted 
for by the averaging of a number of successive readings in this series. 
A number of cases which were followed over a period of several 
years showed gradually increasing pressure while in others tliere 
was a gradual lowering of the pressures usually associated with the 
development of myocardial failure. . 

In the grd^ ji’ithapr^ystolic' gallop' rhythm there was nearly 
always mark-M^iiypertension, readings of 200 systolic and 120 dias- 
tolic mm. Hg. and above being not uncommon. 

In attempting to evaluate the significance of physical signs, more 
error has resulted up to the present time from leaning too far toward 
the diagnosis of presystolic gallop in hypertension than from mis- 
taking^ presystolic gallop for bundle block. We feel tliat the two 
conditions are different both with regard to mechanism and clinical 
signs. This point will be discussed later. 
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In 3 , cases with characteristic physical signs and electrocardio- 
graphic evidence of intraventricular block there was also complete 
auricuioyentricular dissociation. These cases aided materially in 
the elucidation of the relation of sucli physical signs to events in 
the heart's cycle, inasmuch as the signs were found to be quite 
independent of auricular activity. 

Case Reports. Case l.~(A. S. J.H.H.Disp. No.J-12153.) Wliite, 
male, aged 60 years. There was no history of past infection. Symptoms 
consisted of dyspnea, orthopnea, edema and morning cough. Examination 
of the heart revealed marked visible and palpable reduplication of the 
apex thrust. During ventricular diastole there could be seen slight but 
definite rhythmic precordial waves due to the auricular contractions. 
(Demonstrated by Dr. L. V. Hamman.) The independent auricular waves 
were_ also visible in the jugular veins. The first heart sound was of fair 
quality, followed by a soft systolic murmur. The auricular contractions 
were audible. The radial pulse rate was 36 per minute; blood pressure, 
220 systolic and 70 diastolic; rhythm of pulse regular. There was general 
arteriosclerosis. Teleoroentgenogramsof the heart showed: M. R., 7 cm.; 
M. L., 10 cm.; T., 28. ’ Wassermann reaction of the blood was negative. 
Clinical impression was; Bundle-branch block, complete auriculoven- 
tricular block, hypertension. Eleetroeardiogram showed: Complete ri-F 
block. Q-R~S interval, 0.14 second. Right bundle-branch block. This 
was the first case of auriculoventricnlar block combined with bundle-branch 
block that came under our observation. It appears to be of special impor- 
tance in showing that the signs of bundle-branch block are quite independent 
of auricular activity. 

Case 2.— (G. B. U. M. H.) A white male, aged 69 years, suffered 
from dyspnea, orthopnea and edema. There had been infection with 
sjTchilis 27 years previously. Examination of the heart showed a visible 
and palpable reduplication of the apex thrust. On auscultation a single 
first sound was distinguished, and this was followed after an appreciable 
interval by a systolic murmur. Pulse at the wrist was regular, 49 per 
minute. Teleoroentgenogram showed slight cardiac enlargement. Blood 
Wassermann reaction was positive; blood pressure, 174 systolic and 75 
diastolic. There was ewdence of arteriosclerosis and emphysema. Elec- 
trocardiogram showed complete auriculo ventricular dissociation; Q~R-~S 
interval, 0.11 second; all R waves notched; auricular rate, 88; ventricular 
rate, 49. T waves in opposite direction to the main ventricular deflection 
throughout. The R waves did not indicate predominance of either levo- 
gram or dextrogram. This patient was seen bj’’ one of us (J. T. K.) after 
the electrocardiogram was Imonm, hence a purely clinical diagnosis could 
not be attempted. The case is of interest because it shoivs that the physical 
signs which we have found in bundle-branch block maj’' occur in other 
tj-pes of intraventricular block, i.e., in cases showing prolonged intra- 
ventricular conduction time without the electrocardiographic picture of 
tvpical bundle-branch block. The case also shows, as noted in Case 1, 
that the physical signs of intraventricular block are not related to auricular 
activity. 

Case 3.*— (G, B. J. H. H. No. 33820.) A male negro, aged 63 years, 
showed dyspnea, orthopnea and edema. He had pneumonia 29 yeoxs prior 
to admission and tjqihoid fever 21 yw-vs before. There was no other 
lustorv of significant infection. Examination of the heart showed wsible 
and palpable reduplication of the apex thnist, and definite reduplication 

* This case is to be reported in fall ivt a later date. 
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of the first heart sound, which ^Yas soft and faint. Auricular sounds were 
audible and auricular waves were seen over tlie prccordium. Pulse was 
regular, rate 27 per minute. Blood pressure was 200 systolic and 80 
diastolic; the blood Wassermann reaction was negative. Teleoroentgeno- 
gram showed; M. R., 5; M. L., 11.7 cm.; thorax diameter, 30 cm.; aorta 
dilated. There was generalized arteriosclerosis. Clinical impression before 
consulting electrocardiogram (D. McE.): Complete auriculoventricular 
bloclc, bundle-branch block. Electrocardiogram showed complete auriculo- 
ventricular dissociation, predominant levogram, right bundle-branch block 
with Q-R~S interr^al, 0.1'4 second. At a later date there was a return to 
normal sinus rhythm with typical electrocardiographic evidence of right 
bundle-branch block. The clinical signs of bundle-branch block disap- 
peared however. The reason for this is not apparent, but we observed this 
to occur in several cases that have been under observation for long periods 
of time. HilP noted several similar instances in his series. 

These 3 cases offer strong evidence that there is no necessary 
relationship between auricular contraction and the physical signs 
of intraventricular block. The second case suggests that sucli physi- 
cal signs may be found in instances of prolonged intraventricular 
conduction time that do not sho\v the complete electrocardiographic 
picture of bundle-branch block. A number of cases of this type 
have been met with. 

In establishing the correctness of the clinical diagnosis in these 
cases, the electrocardiogram has been the final arbiter and, save for 
5 instances referred to below, the criteria of Carter^ have been 
strictly adhered to, viz.; (1) Prolongation of the intraventricular 
conduction time to 0.10 second or beyond; (2) slurring or splintering 
of the Q-R~S complexes;* (3) a predominant levogram or dextro- 
gram; (4) T waves of opposite sign to the main ventricular deflec- 
tion in Leads I and III. 

The aforementioned 5 cases, included in the series of 50 cases, 
all of which wmre diagnosed clinically as bundle-brancli block, 
exhibited electrocardiograms that were ievograms and that satisfied 
all the above.criteria save that slurring of die Q-R-S complexes was 
absent. The significance of such electrocardiograms is in debate at 
present. There would seem to be increasing evidence that curves 
of tliis type indicate block in the right bundle rather than simple 
left ventricular preponderance. Indeed, Luten and Grove^^ 
ivhose paper the reader is referred for a discussion of tlie subject, 
consider that curves of this character, with Q-R-S of norvial dura- 
tion are indicative of impaired conduction in the right bundle. 
Without entering the polemic on the subject, we suggest that some 
value may reside in the clinical observation tliat, of 5 such cases, all 
exliibited die clinical signs of bundle-branch block. 

* In view of the recent work of F. N. Wilson and his collaborators (P. S. Barker, 
A. G, Maclcod and J. Alexander; Excitatory Process Observed in the Exposed 
Human. He.art, Trans. Assn. Am. Phys.,_1929, 44, 125) it should be explained that 
the interpretation of electrocardiograms in this report has been made in conformity 
with the prc^^ous standard. For example, upright Q-R^S complex in Lead I and 
inversion of same in Lead III has been considered indicative of right-side block. 
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Of additional interest are 7 cases in which auricular fibrillation 
and intraventricular block were present coincidentally. It is reason- 
able to assume that auricular activity played no part in the produc- 
tion of the clinical signs of bundle-branch block in these cases. The 
correct diagnosis of bundle-branch block was made clinically in 5 of 
the 7 cases. On the other hand it is doubtful whether a typical 
presystolie gallop sound ever persists in cases of hypertension 
following the onset of auricular fibrillation. 

In an effort to illustrate the reduplicated tlirust in cases of bundle- 
branch block, attempts were made to obtain polygraphic tracings 
from the apex and from the carotid. It was hoped that in this 
manner it rvould be possible also to determine which ventricle was 
being activated first. After many trials, however, it was found that 
the apparatus failed to inscribe the mechanical events with sufficient 
rapidity. By fastening a light straw upon the chest over the region 
of the apex impulse, it was found that the phenomena occurring 
at the apex could be demonstrated easily in the movements of the 
straw. This has proved a valuable method of presenting the signs 
objectively before groups of students. It has been possible to record 
the double apical thrust graphically botli by cinematograph and in 
apex cardiograms. 

For the latter purpose, the patient was placed in the recumbent 
position betu’een the galvanometer and the recording camera of a 
Hindle electrocardiograph, the chest was exposed and a light broom 
straw was fastened by adhesive tape or by plasticene to the chest 
wail in the region of the apex impulse. The straw intercepted the 
beam of light from the electrocardiograph and its shadow was 
recorded on the film beside that of the galvanometer string. Simul- 
taneous mechanical and electrocardiographic records were therefore 
made upon the film with the benefit of the same time marker. 

No accurate analysis can be made of the time relationship of the 
various mechanical events in the cardiac cycle as inscribed in such 
records. Even tiie cardiograms recorded optically with the more 
sensitive capsules of Frank have variable degrees of lag due to slow 
or inadequate transmission of tlie mechanical events in the heart 
to the tissues of the chest wall. For purposes of illustration, how- 
ever, tlie apex cardiogram is of value and for this reason records 
were made on a number of normal individuals and on patients with 
bundle-branch block and with presystolie gallop rhythm. No 
difficulty was experienced in recording the phenomena when sucb 
were visible or palpable over the precordium. 

Records from normal individuals were obtained with some diffi- 
culty owing to the indistinctness with which mechanical events in 
the heart are transmitted to the precordium. Such records showed 
monophasic and diphasic curves of low amplitude whieffi commenced 
0 05 to 0.15 second after the beginning of R and whicli were com- 
plete by 0.27 to 0.50 second after R. No bifid character was noted 




Fig. 2. — (8779.) Electrocardiogram and apex cardiogram from a patient with presystolic gallop rhythm. Blood pressure, 240 
systolic and 140 diastolic. Electrocardiogram shows predominant levogram. Q-R~S, 0.1 second; T, I inverted; T, III upright. 
Cardiogram shows a series of high and long positive hummocks. On the upstroke of each there is a short positive deflection. This 
commences 0.02 to 0.03 second before R and is complete at 0.02 second after R. The further abrupt rise of the hummock commences 
0.08 second after R. The hummock ends 0.52 to 0.56 second after R. 




Ib-^ySO lilectrocnrdiograra nntl upox cardiogram from patient rvith right buiidlc-branc]i block. Q-R-S 0 13 to 0 14 
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in tlie sustained apical wave during ventricular systole in any 
instance (see Fig. 1). 

Presijstolic Gallop. In this series of patients with presystolic 
gallop, the presystolic deflection of the straw could not be demon- 
strated in every instance. It was shown to be present, however, 
in those cases in which gallop was visible or palpable on the chest 
wall. No reduplication of the systolic thrust was noted in any 
instance, ^^Tien seen, tiie presystolic deflection appeared 0.02 to 
0.06 second before R and was complete by 0.02 second before R 
to 0.04 second after R. These deflections were similar to those 
visible and palpable upon the chest wail and, whatever their cause, 
occurred prior to the electrical evidence of systole. Figs, 2 and 3 
are characteristic examples of these curves. 

Bundle-branch Block. So far as we are aware, no attempt has 
been made to demonstrate the double apex thrust in bundle-branch 
block by means of apex cardiograms in a series of cases. The cardio- 
grams of the individual cases reported by Kauf® and by Eppinger 
and Stoerk® show, however, bifid systolic waves. In the present 
series, apex cardiograms, in every instance save one, showed a 
double reflection which occurred during systole and which was indi- 
cative of the reduplicated systolic thrust visible to the naked eye 
during systole. The first component of this double systolic deflection 
commenced 0.06 to 0.10 second after R and lasted until 0.17 to 0,45 
second after R, when the second component of the systolic deflec- 
tion commenced and lasted until 0.44 to 0.62 second after R. 

Typical curves are seen in Figs. 4 and 5, Of particular interest 
is the record Fig. 6 obtained from Case 1 (reported above) in which 
there was complete A-V dissociation and right bundle-branch 
block. In this case it was possible to demonstrate in the apex 
cardiograms not only the double systolic deflection associated with 
ventricular systole, but also the individual auricular beats which 
were transmitted to tlie apex as small rhythmic waves. The latter 
bore no constant relation to the ventricular deflections. It is not 
possible, therefore, to consider that contraction of the auricles is in 
any way responsible for the bifid character of the apical wave 
during ventricular systole. 

Lewis^^ has recorded reduplication of the first sound in 4 cases 
of intraventricular block and has discussed its time in the heart’s 
cycle. ^ The beginning of the extra component was presystolic in 
each instance, WTiat the relation of this sound reduplication to 
tlie lyaves on the precordium may be remains to be determined. 
One is tempted to attribute the waves noted in the present report 
to a tlieoretical asynchronism of the ventricles resulting from delay 
of the impulse to one ventricle. We have no proof of this, however, 
and we prefer simply to conclude that tlie signs we have discussed 
may occur independent of auricular systole and that they are due 
to some peculiarity of ventricular activity in the presence of intra- 
ventricular block. 
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AN UNUSUAL ATEOPIN EFFECT ON 7ENTEICULAR 
TACHYCARDIA. 

By S. M. Salley, M.D., 

ASSISTANT EESIDBNT IN MEDICINE, PETER BENT BRIGHAM HOSPITAL, 
BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital, Boston, Mass.) 

It is generally accepted that certain disturbances in the auricles 
of the heart, such as auricular fibrillation and auricular flutter, are 
due to a circus movement.® The most important factor in main- 
taining tliis circus seems to be the length of the refractory period 
of heart muscle. Influences that shorten tlie refractory period 
serve to perpetuate the circus and contrariwise, those that lengthen 
tlie refractory period tend to abolish the circus. There is a growing 
impression that tacliycardia, ventricular in origin, is due to a similar 
circus movement in the ventricles. Much has been mitten concern- 
ing both experimental and clinical effects of quinidin on disturb- 
ances of this nature. Altliough quinidin has a double and conflicting 
action it often abolishes these movements. One effect of quinidin is 
to lengthen the refractory period which would tend to abolish it, 
while the other is to slow the speed of the impulse which would 
tend to maintain the circus. '\%en the former predominates 
normal rh^fliim is established. Quinidin has been found to be fre- 
quently effective in restoring the normal mechanism in cases of 
ventricular tachycardia which, as has been stated above, is quite 
likely due to a circus movement in the ventricles.® It has been 
found also tliat atropin, mainly through its paralyzing effect on the 
Vagus, lengthens the refractory period of the auricle and thereby 
tends to abolish the circus motion.^ The case reported below illus- 
trates first, a partial effect of quinidin and second, a most striking 
and unique result of atropin on ventricular tacliycardia. 

Case Report. — A man, aged 56 years, entered the Hospital on Maj’’ 12, 
1928, in a tjqiical attack of coronary thrombosis. An electrocardiogram 
taken on admission showed a ventricular tachycardia with a rate of 168. 
Quinidin sulphate was given in large doses and the tachycardia was slowed 
repeatedly but never below 108, as shown by repeated electrocardiograms. 
Following these temporarj'- reductions in rate, it invariably rose again to 
160 or 170. After 11 days of this sort of medication it was decided to try 
atropin, at a time when the ventricular rate was slowed to about 115 by 
quinidin, on the theory that b}^ remoring vagal effect the resulting increase 
auricular rate would enable the auricle to resume its control as the pace- 
maker. It was thought that if the auricular rate could be increased to a 
level greater than the r'entricular a normal sequential rhythm might be 
restored. According^", 0.002 gm. of atropin sulphate was given subcutane- 
ously. The result was surprising. Within 7 minutes after the injection 
the pulse fell from a rate of 115 to 30 beats per minute. An electrocardio- 
gram at tliis time uncoi'ered a complete heart block vath a ventricular 
rate of 30 and an auricular rate of 98. The heart sounds were distant and 




Upper three tracings are Leads I, II, III, taken May 20, 1928, and show ventricular 
tachycardia vith a rate of 180. The strip below this is Lead II taken May 22, 1928. 
The ventricular rate has been slowed to 115 by quinidin although tachycardia perists. 
Lower curves are Leads I, II, III, taken 7 minutes after 0.002 gm. of atropin had 
been injected and 30 minutes after previous tracing. They show complete heart 
block with an auricular rate of 98 and a ventricular rate of 30. 
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the patient was cyanotic and in extremis to such a degree that repeated 
doses of caffein sodiobenzoate were given. The ventricular rate remained 
between 30 and 35 for 27 hours and was then suddenly found to be 160 
again. Following this the ventricular rate fluctuated between 25 and 190, 
despite two more trials of atropin and interrupted doses of quinidin, until 
the 16th day after admission. From this time on the rate did not fall 
beloM’- 130. The patient finall.y developed a bronchopneumonia and died 
34 daA's after the onset of his attack. 

This unusual atropin efl'ect was entirely une.v'pected. Vidien it 
was found that the patient had complete heart block it became 
clear that a normal sequential beat from auricle to ventricle was 
impossible. This result from atropin therefore must have been 
due to its action on the ventricle either through a direct effect on 
the muscle or indirectly through the vagus. There is experimental 
evidence to show that atropin through its paralyzing effect on the 
vagus increases the refractory period of auricular muscle'* and 
thereby might break up a circus rhythm. It is felt tliaff this may 
well have been the mechanism involved in this case, although 
Drury* found tliat vagal stimulation did not shorten the refractory 
period of the dog’s ventricle. If this is not the explanation of the 
atropin effect in the above case, it brings up for consideration the 
possibility of a direct action of atropin on ventricular musculature. 
It is also inferred that if the conduction apparatus had not been 
involved in tlie coronary attack, the ventricular tachycardia might 
likewise have disappeared under atropin with a restoration of normal 
rhjdhm. The unusual effect obtained from atropin in this case 
suggests that it might serve as an additional aid in restoring normal 
rhythm where a circus movement fails to respond to quinidin alone. 

Summary. A case of coronary thrombosis was observed showing 
ventricular tachycardia with a rapid ventricular rate. The ventricu- 
lar rate was frequently slowed by increasing doses of quinidin to 
110 or 115, but the tacliyeardia could not be abolished. Immediately 
following 1 dose of 0.002 gm. of atropin sulphate this abnormal 
mechanism disappeared, uncovering complete heart block with a 
slow idioventricular rhythm. It is believed that the circus move- 
ment was broken up by atropin through its paralyzing effect on the 
vagus. 

Note. — I wish to express my indebtedness to Dr. S. A. Levine for his aid in the 
preparation of this paper. 
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CONGENITAL HEAET DISEASE WITH MULTIPLE CARDIAC 

ANOMALIES. 

Report of a Case Showing Aortic Atresia, Fibrous Scar in 
Myocardium and Embryonal Sinusoidal Remains. 

By" Samuel Bellet, M.D., 

AND 

B. A. Gouley, M.D., 

PHILADELPHIA, PA. 

(From the Robinette Foundation for the Study of Cardiovascular Disease and from 
the Department of Pathology, University of Pennsylvania, and from the 
Division of Cardiology, Philadelphia General Hospital.) 

We are reporting this single case of congenital heart disease 
because of the unusual number of congenital anomalies that it 
presented. The defects seen are not only numerous but some of 
them are distinctly rare. 

Case Report. We know practically nothing concerning the history of 
the child or its_ parents. The child lived only 12 hours and necropsy exami- 
nation was limited to the heart which was obtained by us with all the vessels 
cut quite close to the cardiac chambers. 

Pathologic Examination. Except for a slight enlargement in the trans- 
verse diameter the heart is about normal in size. The longitudinal diameter 
measures 3.6 cm., the transverse 2.9 cm. The heart is divided by the inter- 
ventricular groove into a large right, and a small left portion. The right 
ventricular chamber is considerably dilated; its wall measures 2.5 to 3 mm. 
in thickness in its lateral and apical portions; toward the base it becomes 
thicker, measuring G mm. The tricuspid valve is normal. The right 
auricle is also dilated but otherwise nomal. The foramen ovale is com- 
pleteW closed. The fossa ovalis is very small and its markings almost 
completely obliterated. The tjqae of closure with fibrous puckering would 
indicate that the closure had taken place early in fetal life. The pulmonarj^ 
artery, which is enlarged for an Infant of this size, issues from the right 
ventricle in its normal position. It measures 1.7 cm. in circumference and 
contains 3 normal cusps. 

The left ventricle consists of a small chamber, closed on all sides except 
for its communication with the left auricle by an extremely narrow isthmus 
measuring 1 to 2 ram. in diameter. The boundaries of tMs chamber can- 
be definitely outlined on the epicardial surface by the anterior and posterior 
inten’'entricular grooves. The left ventricular muscle is about twice as 
thick as the right, measuring 7 mm. over its entirety. The width of the left 
Ventricular wall diminishes the lumen of this small chamber to the size of a 
cherrj' stone so that its total contents could not exceed J cc. On the cut 
surface of the left ventricular wall, varying in width from a fraction of a 
millimeter to half the thickness of the myocardium is a grajdsh-white area 
winch is clearly demarcated from the normal muscle._ It apparently con- 
sists of fibrous tissue which extends into the myocardium. Sections taken 
from histologic examination, will be described later. 

The aorta is completely atresic. The ascending arch measures 2 to 3 mm. 
in circumference. The orifices of the coronary arteries open from its lower 
portion. At this level the lumen of the aorta tapers down rather suddenly 
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and immediately below this point it closes so that there is absolutelj'' no 
communication with the left ventricle. The distal end of the aorta, although 
narrow, remains patulous. Its connections were unfortunatelj'’ lost in the 
removal of the specimen. The ductus arteriosus could therefore not be 
examined. Two tiny budlike processes observed in the lower portion of 
the aorta near the point of origin of the coronary arteries are apparently 
the remains of the aortic valves. 

The left auricle, like the left ventricle, is also small. It is alDOut one-fifth 
the size of the right auricle. - Attached to the left auricle by an isthmus 
is a very large left auricle appendage, the lumen of which, howeA’^er, is 
rendered quite small by reason of a marked thickness of its wall. Entering 
the auricle are 4 pulmonary veins posteriorlj’’ and 1 vessel anteriorly, the 
connections of which cannot be definitely determined.* 

The mitral valve is small, hypoplastic, and of entirely different appear- 
ance from that seen in the normal heart. It forms a diaphragm separating 
the diminutive auricle from the ventricle and the only communication 
betAveen these tAA'O chambers is in the extreme anterior portion Avhere the 
valA^e is deficient OA'-er a passage 1 to 2 mm. AAude. There is no differentia- 
tion into anterior and posterior leaflets and no papillarj'’ muscles are obserA'^ed. 
Tavo sets of Avhat are apparently remains of chord® tendine® are, hoAveA’’er, 
present. 

Histologic Examination. — Left Venincular Wall. Several specimens AA®re 
taken from the left A®ntricular muscle in the region of the fibrous scar. 
The epicardium is moderately congested. The myocardium is of the infan- 
tile tjq)e but otherAAUse shows nothing unusual. The interesting feature 
Avas the presence of a zone of fibrous tissue extending from the endocardium 
into the muscle and varying in depth from about 0.5 mm. to I the entire 
thiclmess of the wall. It seems to have a folding tendency, invaginating 
by many finger-like processes into the heart muscle. There is nothing 
unusual about tliis type of fibrous tissue. It is rather loose, and contains 
stellate and OA’-al-shaped nuclei. A myxomatous structure is occasionally 
seen while in other fields a hyalinized sclerosis is present. The demarca- 
tion betAveen the fibrous tissue and the heart muscle is not clear cut due to 
the extension of small threadlike processes into the myocardium for some 
distance, t 

Another remarkable feature of this case is the presence of numerous 
circular and oval-shaped channels in the left auricular appendage and left 
ventricle, Avliich at first Ave interpreted to be branches of the coronarj'’ 
artery. In some, the Avails are thickened Avithout great reduction in the size 
of the lumen; in others the lumen is reduced to a mere slit. Most of them 
contain erj'tlmocj'-tes and all are lined by a thin layer of endothelium. On 
closer examination and further study by serial section Ave decided that they 
Avere the remains of the sinusoids of the embr 5 ''onic heart. Many can be 
traced to an endocardial origin, some apparentlj"^ developing as infoldings 
or inA^aginations oi the endocardium. The possibility of their being arteries 
Avas ruled out by their rather large numbers, large size, wall structure 
unlike arteries, and their presence chiefly in the inner half of the myocar- 
dium (a location where one Avould expect few coronary vessels) . Moreover, 
section of the main coronar}’’ A’-essels and their branches show normal arterial 
structure. The thick Avails AA^hich surround some of these spaces resemble 
very closel}’' the thick, fibrous Avail of the endocardium; the fibrous tissue 

* It has been suggested that this vessel possibly communicated with the superior 
vena cava, as in the case of McIntosh.^' 

t Syphilis was considered as a possibility in the causation of the pathology noted. 
However, no e\'idence of syphilis could be observed in the sections, a diagnosis that 
was confirmed by the late Dr. ^A'^artllin, Professor of Pathology, University of Michi- 
gan, who kindly examined these sections for us. 
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is of a uniform character and there is no differentiation into intima, media, 
and adventitia. The fibrous tissue surrounding the walls of these spaces 
merges imperceptibly mth the interstitial fibrous tissue of the myocardium. 
These channels which are the remains of a sinusoidal circulation, normally 
-found between the muscle columns during an early stage of development 
of the heart, resemble to a great degree the findings observed in a heart 
described by Grant.’’ Two small branches of the coronary arteries were 
traced by serial section to their union with a definite sinusoid (Figs. 6 A to 
E). The adventitia and media gradually blended with undifferentiated 
fibrous tissue, so that at the union of the sinusoid the original arteriole 
structure had largely disappeared. The intima and a few smooth muscle 
fibers are however preserved until the union with the sinusoid. Thus it 
appeared that blood passed tlirough them from the coronary arterioles 
to be delivered to the cardty of the left auricle and ventricle (modified 
Thebesian system). 

Le/i Auricular Appendage. The wall is unusually thick, and is composed 
of numerous, interlacing muscular bundles widely infiltrated b}^ fibrous 
tissue. Most of the latter can be traced as extensions from the thick fibrous 
wall of large blood spaces that appear to be anomolous vessels, but which 
are really infoldings of the tliickened fibrous endocardium of the appendage. 
The blood spaces are apparently of the same type as those seen in the left 
ventricle. 

Section of the coronary arteries reA^eals them to be normal. The right 
ventricular wall and right auricle present no abnormalities. 

Summarizing, this specimen shows the following anomalies: Atresia 
of the Aorta, Hypoplasia of the Left Ventricle with marked Thickening 
and Localized Fibrosis of its Wall, Premature Closure of Foramen Ovale, 
Dilatation of Right Auricle and Vertricle, Diminutive Left Auricle, and 
Remains of the Sinusoids of the Embryonic Heart. 

Ccnirse of Fetal CiraulaUqn in Aortic Obstruction. During fetal 
life the circulation is but little impaired by aortic stenosis. With 
stenosis of the aorta a smaller and smaller amount of blood will flow 
into the left atrium and to an increasing degree through the right 
ventricle. Therefore, the right ventricle, by reason of its increased 
work, will develop more quickly than the left ventricle w'hich lags 
behind. With complete atresia of the aorta, the ascending aorta 
functions only as a coronary vessel from the aortic arch, and the 
blood can reach the aorta only through the pulmonary artery by 
the ductus arteriosus. There then exists in the words of Rauchfuss,^'* 
"one main chamber, the right ventricle, and one main arterial 
stream, the pulmonary artery." During these conditions, there is 
no noteworthy disturbance of the fetal circulation. 

The disturbances in circulation begin with the taking of the first 
breath. With the inflation of the lungs a considerable amount of 
blood is directed toward the left ventricle. Since it is unable to go 
either through the aorta or tlirough a patent ventricular septum, 
and since the foramen ovale is also closed, the blood remains stag- 
nant in the left heart. This results in pulmonary congestion, pul- 
monary edema, and death. 

Circulation in Aortic Obstruction After Firth. )%ile unfortun- 
ately some of the vascular connections were lost in the removal of our 
specimen, it is possible in the light of what is known of similar cases ' 



Fig. 1. — Anterior surface of the heart (actual size). The line in black represents 
the interventricular septum. R. A., right auricle; R. V., right ventricle; L. A. P., 
left auricular appendage; P. A., pulmonary artery (opened.) 



Fig. 2.-The heart cut open from the left margin. The section opens not only 
the left ventricle but also the right ventricle in its lower half. The diminutive aorta 
has been sht open. L. A. A., left auricular appendage; P. F., pulmonary vein; A., 
aorta; A., lower end of aorta closed, does not communicate with ventricle; L. V. IF. 
left ventricular wall; L. V., left ventricle; F. S., fibrous scar in wall of left ventricle; 
K. I right ventricle forming apex and lower half of left margin of heart. 






Fig. 3. — A section of the subendocardial scar in the loft ventricle. Note the 
fibrous infiltration of the myocardium {X69). Many such extensions were noted. 
M., myocardium; F. S., fibrous scar. 
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to reconstruct tlie probable course of the circulation. Venous blood 
entering the right auricle could not mix with that' of the left auricle 
since the foramen ovale was closed. It therefore all proceeded into 
the right ventricle. From here the blood passed into the pulmonary 
artery, oile branch of which went to the lungs, the other with the 
patent ductus, became the descending aorta. The body was, there- 
fore, nourished practically entirely by venous blood. From the 
lungs blood reached the left auricle through the pulmonary veins. 
The fifth vessel of the left auricle may have communicated with the 
right heart in some manner, e. g., with the superior vena cava as in 
the case of Mclntosh,^^ thus permitting the blood to leave the left 
auricle. A small amount of blood passed into the left ventricle from 
the left atrium but could not leave the former chamber tlirough its 
normal openings. The only possibility of egress was back into the 
left atrium tlnough the incompetent mitral valve. The complete 
closure of the ventricular and auricular septum prevented the 
admixture of arterial and venous blood. In our case the only pos- 
sibility for this to occur was the communication of the fifth vessel 
in the left atrium with the right heart. However, this amount of 
blood would have been quite small. The multiple anomalies pre- 
sented by this case were of such a nature as to be practically incom- 
patible with life. 

The duration of life in all cases of this type has been very short. 
Most live but a few hours or days after birth. Occasional cases 
have been reported which have lived several weeks. 

This case can be discussed frorn three chief viewpoints: (a) 
Aortic Atresia; {h) Fibrosis of Myocardium; (c) Hemains of the 
Sinusoids of the Embryonic Heart. 

Aortic Atresia. We will discuss first the aortic atresia, since upon 
it is dependent the small left ventricle and with it is often associated 
fibrosis of the myocardium. Rauchfuss^® (1878) collected 18 cases 
of aortic atresia with closed ventricular septum: 3 of his own and 
15 of others. In all of his cases the foramen ovale was patent. 
Other cases have been reported by Ruge’^ (2 cases), Shattock,^^ 
Meyei'ji® Haranger,® Eppinger,^ Klepstein,'® Jurgen, Theremin,-^ 
(16 cases) Kaiser, Zalka,^® Ganefi,® Bergman- and Hastings.^® 
AbbotF ill her text in Osier’s Medicine (1927) encountered aortic 
atresia 7 times in 850 cases of congenital heart disease, an incidence 
of (0.8 per cent). Of the total number of 50 cases of aortic stenosis 
and atresia collected by Ruge^^ up to 1905, in only 6 cases was the 
foramen ovale completely closed as in our specimen. 

Theories of Origin. Most writers, who have had similar cases, 
are of the belief that the origin of aortic atresia rests upon an infec- 
tious basis resulting in inflammation of the endocardium and the 
aortic valves, early in fetal life. This belief is based upon (a) the 
appearance of the aortic leaflets and the endocardium which resem- 
ble inflammatory processes observed in postnatal life; (b) the occa- 
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sional finding, as in the case of Klepstein,»3 of fresh vegetation on 
the aortic leaflets; (c) the occasional observation of lymphocytic 
infiltration of the myocardium in instances of aortic and pulmonary 
atresia (cases of B. Fischer^ and von Zalka^® (2 cases) and (d) the 
frequent presence of fibrosis of the myocardium (cases of Stiassny,^^ 
Monckeberg,!® Fischer/ Koehel/^ Ganeff/ Huge/! von Zalka.®®) 
In only 3 of the 50 cases of aortic stenosis and aortic atresia gathered 
by Ruge*! in 1905, were all indications of fetal endocarditis absent. 
Rokitansky (quoted by Ruge®') was of the opinion that aortic 
atresia may also arise by unequal division of the truncus arteriosus 
through anomalous position of the aortic septum. This would 
result in a small portion being reserved for the aorta with the produc- 
tion of stenosis or even atresia of its lumen. 

In our case, the presence of considerable localized areas of sub- 
endocardial fibrosis in the left ventricle and left auricular appendage, 
is suggestive of inflammation. We do not believe, however, that 
this finding alone is necessarily indicative of a previous inflammatory 
process; it might conceivably result from such a process as inter- 
ference with blood supply, a condition which was certainly present 
in our case. The type and extent of the fibrosis in this case can be 
said to have been modified by a collateral circulation through the 
sinusoidal system. 

Abbott! in 1 case observed calcification with cellular infiltration 
and a diffuse fibrosis which was often “myxomatous in character 
recalling Warthin's description of focal fatty degeneration associated 
with localized colonies of spirocheta pallida.” She believes that 
syphilis plays a great r61e in the production of these changes. 
Grafenberg® has investigated numerous anomalies with reference 
to the presence of spirochetes. Although he found spirochetes in 
the viscera of 2 infants born with anomalies, in 22 other well- 
investigated cases no spirochetes were found. He concluded that 
syphilis plays a minor role in the causation of congenital anomalies. 

The presence of myocardial changes wdth the formation of fibrosis 
in connection 'with aortic stenosis and atresia and pulmonary atresia 
is noted in the articles of Stiassny,®* Monckeberg,!® Fischer,^ 
Kochel,!'! Ganeff,® Ruge,®‘ and von Zalka.®® Von Zalka studied the 
myocardium in 14 cardiac anomalies, 8 of which were due to arrest 
of development and 6 were due to stenosis or atresia of the pulmon- 
ary or aortic orifices. In every one of the latter he found the myo- 
cardial changes above described. 

According to Rauchfuss,®® the beginning of the disease during 
fetal life may be approximately determined by the size of the left 
ventricle. The smaller and more rudimentary the left ventricle 
the earlier is the narrorving of the aortic ostium produced. With 
narrowing and closure of the aorta in midfetal life we find a supple- 
mentary recess or space of the right ventricle which is due to its 
enlargement about and beneath the diminutive left ventricle, the 
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right chamber thus forming the apex of the heart. In atresia occur- 
ring in early periods of fetal life the right ventricle appears to be 
more generally enlarged and the left ventricle is smaller. Based 
on the description of this author, the atresia in our case probably 
occurred in the fifth month of fetal life. 

Premature Closure of the Foramen Ovale. In our case the foramen 
ovale was early closed. (See reasons given above.) The premature 
closure of the foramen ovale is explained by Rauchfuss^o as follows: 
In the course of the circulation of the fetus, the blood from the 
inferior vena cava goes through the patent foramen ovale to the 
left atrium and then to the left ventricle and finally to the aorta 
to nourish the head. With progressive stenosis of the aorta during 
fetal life, a stage is reached when the pressure relationships are 
about equal in both auricles, because of stasis of the blood in the 
ventricle with insufficiency of the mitral valve. When this moment 
is reached the foramen ovale will close in the fetus since the condi- 
tion for its remaining patent, namely, the flowing of blood from the 
right into the left auricle, has ceased to exist. Rauchfuss^o however, 
states that with atresia of the aorta the pressure on the foramen 
ovale from the left atrium is sufficient to reopen it if it has not 
completely closed, and distend its wall to the right. However, in 
the total of 50 cases of aortic stenosis and atresia collected by Ruge-^ 
the foramen ovale was closed in only 5 cases. Why the foramen 
ovale closes in some and not in others is not definitely known. 
However, it is probable that if the pressure relationships are such 
as to permit closure to be maintained for some time fibrosis of such 
degree will occur that it cannot be later reopened. 

Remains of Sinusoids or Intratrahecular Spaces of Embryonic 
Heart. The persistence of the intertrabecular spaces after birth 
is an extremely rare cardiac anomaly. As far as we are aware the 
only other heart in which this anomaly has been recognized is the 
one reported in a recent paper by Grant. ^ In this paper he also 
mentions what may be' another case of this anomaly in a malformed 
heart described by Mann,^® but there is no reference to it in the 
latter’s text. Grant^ was able to trace connections between these 
spaces and the coronary arteries and presumably with coronary 
veins. We have been able in our case to trace their connections 
between branches of the coronary artery and the cavities of the left 
auricular appendage and ventricle (Figs. 6 A to E). 

The embryology and physiology of the intertrabecular spaces 
have been investigated by Lewis'® and most recently by Grant.® 
Very early in embryonic development (in rabbit embryos 8.5 mm. 
in length) the myocardium of the auricle is seen to be pierced by 
outgrowths from the endothelial lining of the auricle which form 
capillarj’’ spaces between the muscle and epicardium. Similar out- 
growths later appear from the ventricle forming epicardial capil- 
laries which are extensions from previously existing intertrabecular 
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spaces or sinusoid? of the ventricles. Grant® states that in embryos 
17 to 20 mm. the intertrabecular spaces are observed as wide spaces 
between the growing -muscle bundles, but their continuation into 
the compact myocardium cannot be distinguished from the fine 
ramifications of the veins and arteries there and all three structures 
together appear as a capillary network in that region. As the outer 
portion of the myocardium becomes more compact these spaces 
are practically obliterated, so that in older embryos they are best 
seen in the inner spongy portion of the myocardium. It seems to 
be quite generally agreed that the sinusoidal circulation is replaced 
by the coronary circulation. According to Lewis“ further develop- 
ment is marked by a continuous growth of the arteries and veins 
and by a regression of the intertrabecular spaces; the muscle col- 
umns coming together reduce many of the spaces to strands of 
endothelium without lumen. Grant® has been unable to satisfy 
himself that actual obliteration takes place. According to him the 
outermost intertrabecular spaces are narrowed down by the com- 
pact myocardium to capillary tubes which are joined by coronary 
vessels extending inward from the epicardium. The capillaries 
arising from the central and inner intertrabecular spaces retain 
their connections with the ventricles. The ventricular communica- 
tions persist in the adult as the Thebesian vessels of the ventricle. 

It is difficult to explain here definitely the persistence in growth 
and the existence of the intertrabecular spaces which normally 
become reduced to capillaries. It is suggested that a high intra- 
ventricular pressure as a result of the cardiac anomaly, occurring 
at the time of the appearance of the sinusoids, led to a marked 
increase in their size. Another possibility to be considered is that 
the persistence and the marked development of the sinusoidal 
circulation was compensatory to hypoplasia of the coronary arterial 
circulation brought about by the atresia of the aorta. 

Summary. Congenital heart disease in an infant is reported which 
presents a number of unusual and rare anomalies. These were: 
Atresia of the Aorta, Hypoplasia of the Left Ventricle with marked 
thickening of its wall, Hypertrophy, Premature Closure of Foramen 
Ovale, Dilatation of Right Auricle and Ventricle, Diminutive Left 
Auricle, and Fibrosis of the Myocardium of the Left Ventricle. 

This case presented in addition a very rare anomaly: the Remains 
of the Sinusoids of the embryonic heart. 

The incidence, theories of the origin of these anomalies and the 
resulting disturbances of the fetal circulation are discussed. 

ivjgyg. — ^Xhe authors \\'ish to express their thanks to Dr. David L. F.^rley for per- 
roilting us to study and report this case. 
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THE INCIDENCE OF THROMBO-ANGHTIS OBLITERANS IN 

BROTHERS. 

By Saul S. Samuels, M.D., 

IN ClIAItGE OF THE DF.PAKTMBNT OF THnOMBO-ANGIlTIS OBEITERANS AT THE GERMAN 

POPYCEINIC, NEW YORK CITY. 

(From the German Polyclinic of the City of New York.) 

There are certain characteristics of thrombo-angiitis obliterans 
which arc unique in that they are never encountered in other dis- 
eases. For instance, one of the mysteries of this ailment is its 
predominance in the male sex. Its predilection for Russian Jews 
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is also unique. Up to the present, no adequate explanation of this 
distribution of thrornbo-angiitis obliterans has been advanced. 
I wish to call attention in the present communication to another 
unusual characteristic of this disease which has not heretofore been 
described in the literature nor in the textbooks on the subject. 

Fan^y Abstracts. In the examination of over 500 cases of thrombo- 
angiitis obliterans I have observed 3 families in which it occurred in brothers . 
In none of these families has there been anj^ history of the disease in parents 
or grandparents on the maternal or paternal side, nor has there been evidence 
of the disease in other blood relatives. 

famihj 1. In the first family I shall describe, 3 brothers are affected 
with thrornbo-angiitis obliterans. The parents of these young men were 
born jn Austria and were apparently free from any evidence of peripheral 
arterial disease. As far as could be determined, there was no history of this 
disease in the grandparents or other blood relatives. The 3 young men 
were born in Austria and came to America in early childhood. 

The oldest of the group is 34 and exhibits the mildest form of the disease. 

His previous history is negative. He began to smoke at the age of 14 
and conpmed approximately 30 cigarettes a day up to the present. He 
first noticed sj^mptoms at the age of 33 when, after walking long distances, 
he began to e.xperience pains in the calf of the left leg of such severity as to 
necessitate rest before walking could be resumed. There were no other 
symptomk Upon examination the left foot was found to be colder than 
the right and the left dorsalis pedis pulse could not be felt. There was 
moderate plantar ischemia^ of the left foot and the oscillometer indicated 
a slight diminution of pulsation in the left foot. Over the right external 
malleolus there was a tender, cordlike, red area about 6 cm. in length 
which had the typical appearance of the superficial migrating phlebitis 
characteristic of this disease. The upper extremities were normal. 

The younger brother, age 33, shows a more advanced stage of the disease. 
His previous history was negative and his sjunptoms started at the age of 
24 with numbness of the left leg. Shortly after the onset there was noticed 
the typical migrating phlebitis on various parts of the left leg. Difficulty 
in walking was soon experienced, followed by severe pain in the left big 
toe. His condition had become steadily worse so that at the time of exam- 
ination he could walk only three blocks and then was forced to rest because 
of a cramp in the right calf and a slight pain in the left leg. About a year 
ago he noticed recurrence of the migrating phlebitis but on tiffs occasion 
’ it appeared on the right arm and since its disappearance the right hand is 
constantly cold and numb. Upon examination the right foot was found to 
be colder than the left. No pulses were felt in either foot and there was 
intense plantar ischemia of both feet, more marked in the left. Oscillm 
inetric index at the right ankle was 0, and the left ankle was 0.25. Both 
radial pulses were present, but upon elevation of both hands a cadaveric 
pallor developed in the right. The oscillometric index in the hands was 
,0.5 in the left, 0 in the right. There were no ulcerations nor signs of gan- 
grene. There was intense rubor in both feet in the dependent position, 
more intense in the right. The nails of both feet were markedly atrophic. 

The jmungest brother, aged 29 years began to smoke at the age of 1 / 
and has smoked about 15 eigarettes a day since then. His illness started 
ndth a tsTiical superficial migrating phlebitis of both legs at the age of 24. 
The phlebitis disappeared after a few weeks and the patient felt ■"’sh 
about 2 years. He then began to e.xperience pain in the sole of the left 
foot on walking. This condition has grovm steadily worse, so that at the 
time of my examination he was hardly able to walk at all, and for the past 
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2 weeks had noticed a small black spot on the lateral aspect of the left 
big toe. There were no sjTOptoms in the upper extremities. Upon exam- 
ination the left foot was found to be colder than the right. Plantar ischemia 
was noted in both feet, more intense in the left. No pulses were felt in 
the left foot and the dorsalis pedis pulse was absent in the right foot. The 
osciUometric index at the right anlde was 1.5, left anlde 0. On the lateral 
aspect of the left big toe near the nail margin there was a bluish discolora- 
tion of the skin which, after a few days, became gangrenous and formed 
a small ulcer, which healed up after a few weeks of treatment. 

It is interesting to note in this family the occurrence of migrating phle- 
bitis in each case, also the onset of symptorhs in the 2 brothers at the age 
of 24. In each instance smoking had been started at an early age and 
was continued for many years. 

Family 2. Another family in which 3 brothers were affected with 
thrombo-angiitis obliterans was of Russian Jewish nationality. All of 
these were born in Russia and came to America at an early age. The 
oldest had been treated for thrombo-angiitis obliterans for a number of 
years in various hospitals throughout the city, where the diagnosis was 
definitely established. He did not develop gangrene, but at the age of 
42 died suddenly, probably due to a coronary artery lesion. 

Another brother died at the early age of 35 in a similar manner, probably 
as a result of cardiac involvement. He had been treated for thrombo- 
angiitis obliterans by some of the leading specialists in the city. 

The third brother, who is now being treated by me for massive gangrene 
of the left foot, is now 40 years of age and has an advanced degree of throm- 
bo-angiitis obliterans in both lower extremities. A few years ago he also 
had attacks of precordial distress and dyspnea which were diagnosed as 
coronary seizures. 

All 3 brothers were heavy cigarette smokers. The parents and grand- 
parents had no symptoms of circulatory disturbances of the extremities 
as far as could be determined. 

Family S. The third family in wliich I have observed the occurrence 
of thrombo-angiitis obliterans originated in Austria. The two members of 
the family who were affected with thrombo-angiitis obliterans were, however, 
born in America. 

The oldest, aged 48 years, had one leg amputated at the age of 30 for gan- 
grene due to thrombo-angiitis obliterans. The other leg was recently 
amputated in a southern hospital for the same cause. 

His brother, aged 43 years, has an advanced case of thrombo-angiitis 
obliterans with massive gangrene of the left foot. There is also moderate 
involvement of the right foot. Both patients are heavy cigarette smokers. 
There is no history of circulatory diseases in the extremities of the parents 
or grandparents as far as could be determined. 

Summary. The etiology of thrombo-angiitis obliterans is still 
unknown. There are, however, certain peculiarities in the disease 
which may have some bearing upon the underlying cause: (1) Its 
predominance in Jews; (2) its predilection for young males; (3) its 
association with cigarette smokers; (4) its occasional occurrence in 
brothers with no direct evidence of inheritance. 
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erythromelalgia and other disturbances of the 

EXTREMITIES ACCOMPANIED BY VASODILATATION 
AND BURNING. 

Br George E. Brown, M.D., P.A.C.P., 

HEAD OF SECTIOJf Ilf MEDICItTE, THE MATO CIANIC'i ASSOCIATE PEOFESSOB OP MEDICINE, 
THE MATO FOUNDATION, BOCHESTEB, MINN. 

In 1872 Weir MitchelP reported the case of a sailor who had a 
hitherto imdescribed vasomotor conclition of the feet. In 1878 he 
reported 5 additional cases. The characteristics were as follow's; 
(1) There were attacks of bilateral or symmetric burning pain in 
the hands or feet; (2) the attacks were initiated or aggravated by 
standing, exercise or exposure to heat; (3) relief was obtained by 
elevation and exposure to cold; (4) during the attacks the affected 
parts w'ere flushed and congested, and exhibited increased local 
heat; (5) the condition was refractory to treatment. These five 
basic criteria w^ere postulated as necessary for the diagnosis of this 
condition. Mitchell applied to the condition the name “erythro- 
melalgia,” or "red, painful members." In his second communica- 
tion he included his obsei^^ations on 6 cases and 5 reports which 
he found in the literature. An analysis of the 6 cases Mitchell 
obsenmd showed that in 3 the condition was bilateral, invohdng the 
feet; in 2 it was bilateral, involving the hands; in 1 case, unilateral. 
In 4 cases the attacks were aggravated or incited by exposure to 
heat or by exercise, in 4 they w'ere relieved by elevation, in 3 by 
exposure to cold and concerning 1 case mention of relief was not 
made. In all there was congestion or engorgement during the 
attacks. Special mention w’^as made of increased local heat during 
the attacks in 4 cases; no mention was made concerning 2, but it 
was implied that this feature was characteristic of all. 

In the 5 cases Mitchell derived from the literature, with the 
exception of Veilpian’s, the data were too incomplete to allow of 
adequate analysis. (Table 1.) Paget’s case was not typical, in 
that cold and exercise produced pallor and numbness in the feet, 
followed by local heat and redness; this condition suggests a hj’per- 
sensitive reaction to cold, such as is obtained in chilblains or cold 
allergy. In Graves’ ease the condition was not symmetric; one 
foot was affected at a time, and factors of relief and aggravation 
were not typical. In Stifle's case the hands were Imd, hyTier- 
esthetic, and there w'as clubbing of the nails. Although bis notes 
were incomplete, peripheral neuritis is suggested. In the case 
reported by Greiner there was swelling and pain of the fingers and 
toes; relief was obtained by application of cold water. Tliere was 
no evidence of loss of motor and sensory function, and recovery" 
occurred in 3 months. In Case 10, seen by Mitchell himself, in- 
volvement was of the right foot, the patient was 82 years of age, 
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and hemiplegia, which involved the left arm and the left leg, had 
occurred previously. Relief was obtained by means of treatment 
for gout. It seems impossible to accept these 5 cases as examples 
of erythromelalgia, and Mitchell was in doubt as to how to classify 
them. ^ Mitchell also reported 5 cases in which there were painful 
feet, without redness or swelling, but noth typical effects from heat 
and exercise. These he did not accept as typical examples of the 
disease, because visible flushing or congestion of the affected parts 
were absent and they are not included in the tables which accompany 
this paper. 

Critical review of Mitchell’s printed material convinces me that 
he described a clinical entity or syndrome of a primary form, which, 
to my knowledge, never had been reported previously. In the 
typical, acceptable cases 5 basic signs or symptoms that he empha- 
sized were present, hlitchell did not accept, as characteristic, 
cases in which flushing and congestion were absent (his Cases 13 
and 14), in spite of the presence of high snrhce temperatures in the 
affected parts. This is confusing, since local fever or increase in 
heat, with burning distress, may be present, without marked flush- 
ing or congestion. Phenomena of vasodilatation vary in degree, 
and the essential factor is increase in temperature rather than red- 
ness of the skin.* The important point is whether the surface 
temperature increases with, and parallels, the burning distress. If 
this is accepted as a medication of Mitchell’s criteria the grouping 
of eases of erythromelalgia is more comprehensive, and the con- 
ception of the syndrome is clarified. 

From subsequent reviews of the literature by CassireP and by 
May and Hillemand,^ it is seen that nothing has been added that 
would allow one to change, to any great extent, the original concept 
that a vasomotor neurosis exists, as outlined by Mitchell. How- 
ever, a survey of many of the cases in the literature makes clear 
that the original concepts of the disease have been lost sight of, 
and many and varied forms of vascular disturbance have been 
erroneously classified as examples of erythromelalgia. A review 
of the literature for the last 10 years reveals only 1 case that con- 
forms to the criteria necessary for the diagnosis of erythromelalgia. 
The majority of the reported cases indicate the tendency to employ 
the term erythromelalgia to describe a S 3 "mptom; for instance, 
erythromelalgia is spoken of as occurring in polycythemia vera, 
when the reporter means a secondary disturbance arising from vaso- 
dilatation. The term erythromelalgia is, strictly speaking, not 
accurately descriptive, and has led to confusion and mistakes in 

* From more modern studies we have learned that increased local he.at indicates 
dilatation of the .'irterioles, and redness, dilatation of surfate capillaries and venules. 
These are not necessarily parallel; in fact, more often are disassociated than other- 
wise. Following sympathetic ganplionectoroy the feet become hot, hut redness of 
the skin is absent. Conversely, in the cold, red extremities of tliromboangutis 
obliterans there is arteriolar constriction and dilatation of c.apillaries and venules. 
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diagnosis, as a survey of the literature will show. Redness and 
pain of the feet are present in other conditions, as well as in erythro- 
melalgia; for instance, in thromboangiitis obliterans, in localized 
arteriosclerotic disease when the feet are in the dependent position, 
in gout, in cellulitis of low grade involving the feet or hands and in 
certain cases of Raynaud’s disease in the stage of recoA^ery or over- 
reaction, in which the hands or feet become excessively hot and 
red. A more correctly descriptive name should embrace the con- 
cept of increase in local heat, or vasodilatation. Redness, flushing, 
or local congestion may var.y nddely or may be alisent in the presence 
of arteriolar dilatation and hot extremities. In my grouping of cases 
I have followed this more concise interpretation of the disturbance. 

The pathologic basis of erythromelalgia has not been established, 
hlany and diverse changes in the peripheral nerves and \'essels, and 
in the spinal cord ha^fe been described, none of which, however, 
leads to the belief that any characteristic lesion has been discovered. 

Material and Methods of Study. A series of patients, whose major 
complaint, was burning in the feet or hands, was hospitalized for 
study, thus minimizing the effects of changing environmental tem- 
perature. The purposes were: (1) To determine the relationship, 
if any, of the burning distress to the surface temperature of the 
affected part; (2) to study the variations in surface temperature 
and local symptoms in relation to posture, exercise and exposure to 
heat and cold; (3) in a small group of cases, by the method of induc- 
ing fever by injection of foreign proteins, to determine the thresholds 
for perception of the burning sensation in relation to surface tem- 
perature regions in which the burning Avas felt; (4) in 4 cases in 
which burning distress of a paresthetic type was present, associated 
with some degree of vasodilatation, by inducing spinal anesthesia 
to the point of total analgesia in the feet, to determine whether or 
not the pain could be relieved, and thus to obtain important infor- 
mation as to the origin of the pain, whether it Avas peripheral or 
central. 

Eighty-one cases were studied, in aU of which burning pain of 
the hands or feet was a prominent or disabling symptom. The 
folloAving groupings were made: Group 1 included 10 cases AA’^hich 
represented, I believe, true primary erythromelalgia. This gives 
an incidence of approximately 1 of every 200 cases of peripheral 
vascular disease seen at The Mayo Clinic. Group 2 Avas composed 
of 3 cases of primary unilateral disturbance of vasodilatation involv- 
ing either the feet or hands. Group 3 Avas made up of 23 cases of 
paresthesia, with some intermittent vasodilatation of the affected 
part, but in AAdiich parallelism could not be demonstrated betAveen 
the surface temperature and the burning distress. Group 4 included 
27 cases of paresthesia, in AAdnch burning distress Avas present, the 
affected parts Avere cold, and periods of vasodilatation did not occur. 
Group 5 Avas constituted of 10 cases of polycythemia A’era, with 
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bilata-al or unilateral disturbances of vasodilatation of the extremi- 
ties, in which the burning distress was the major sjnnptom. Group 6 
included 8 cases which could not be classified. 

In addition, ^ there was a number of cases of Raynaud's disease, 
in which, during periods of warm weather or under exposure to 
increased degrees of environmental temperature, the excessive 
amount of vasodilatation in the hands and feet frequently consti- 
tuted rather severe distress. None of these cases was included in 
this study, because the underlying disturbance was clearly a vaso- 
spastic rather than a vasodilator condition. In this report vdll be 
presented the data on the cases in Groups 1 and 2. 

Study of Group 1; Erythiomelalgia. All cases except Case 3 
(Table 2) exhibited four of the five basic signs and symptoms 
described by Mitchell. I have ceased to consider nonamenability 
to treatment as an essential characteristic. Localized flushing 
usually was present in some degree during the attacks, but that 
the sharp degree of vasodilatation was more decisive was evident 
by palpation and was proved by the rise in surface temperature, ' 
or by the marked increase in elimination of heat, as determined by 
the calorimeter. With subsidence of the attack there was a sharp 
drop in the temperature of the parts. In all cases the disturbance 
was bilateral either in the hands or feet, and in all the peripheral 
arteries were patent. The distress was uniformly instigated or 
sharply aggravated by heat, exercise or standing; relief was obtained 
by elevation or by local or general application of cold. In the more 
severe cases local congestion, pulsation in the veins and localized 
hyperhidrosis and hyperesthesia were observed during the stage 
of hyperemia. In none was any associated disease present, and the 
vasomotor condition apparently was primary. In Case 3 the 
effects of heat and cold were not present, and the disturbance was 
not always bilateral, but in other respects the observations were so 
deflnite that inclusion of the case was thought justifiable. 

Case Reports. Case 1. — A man, aged 57 years, whose case was the 
most severe in this entire series, exhibited in every respect the characteristic 
phenomena described by Mitchell. The bilateral attacks of burning of 
the feet had been present for 22 years. At first the condition had been 
intermittent, and complete relief had been obtained with rest, cold and 
elevation, but within a few years before the patient was seen at the clinic 
it had progressed to such a degree that almost complete and continuous 
disabilit 3 ’- was present. In the summer months, to obtain relief, he had 
lived on the banks of a river and had spent the days walking about on the 
wet sands. Wearing shoes or covering the feet had caused most excruciat- 
ing pain. During the attacks marked congestion and increased local heat 
were present. At the clinic many and varied medical and surgical measures 
were tried without -avail. The patient committed suicide 2 years after 

he was seen. i i 

Case 2.— A man, aged 27 years, gave a history of havjng had attac^ 
of burning pain in the hands and feet for 6 j-ears. He was not completely . 
disabled Local flushing was mild, but surface temperatures were iugu 
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during the attacks. The attacks were usually brought on by exercise, 
standing and heat, and were accompanied bj’^ mild congestion and by 
pulsations in the veins. At times the attacks were less marked and were 
not accompanied by definite changes in color. At all times the symptoms 
were accompanied bj’’ sharp increase in surface temperature. Marked pain 
was usually felt when the temperature of the skin reached about 34° C. 
(Fig. 1.) The only atypical feature in this case was that, after a period of 
rest of 5 months, he reported that his condition was markedly ameliorated. 
I have no e^ddenee that this improvement was complete or permanent. 



Fig. I. — (Case 2, Table 2.) Surface temperature of feet in relation to subjective 

sensation. 


Case 3. — A woman, aged 34 years, with essential luipertension, had 
attacks of burning pain in the soles of her feet and in the palmar cushions 
of her fingers and hands. Exercise seemed to be the main exciting factor; 
iiot weather and standing were ndthout defimte effects. Likewise, relief 
was obtained by rest, whereas there was practically no relief from applica- 
tion of cold water and from elevation. During the attach the involved 
Darts were slightly red and were hot to the touch. The painful areas and 
increased local heat coincided. Eelief from rest was accompanied by a 
marked drop in local temperature. 
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Case 4.— A woman, aged 53 years, with involvement of both hands and 
feet, had had sensitive feet for many years. This condition had pro- 
gressed to such a point that when the temperature of the house was more 
than 70° F. (21° C.).a burning pain developed, accompanied by local 
congestion and redness of both feet, and associated with a sharp rise in 
local temperature.' She had also noted, within the three months before 
her registration at the clinic, a similar condition in the hands. The distress 
was not brought on by standing, but by a moderate amount of exercise, and 
increase in environmental temperature. Associated with this condition 
was mild neurosis and nervous exhaustion. The patient was not traced 
and the subsequent course is unknown. 

Case 5.— A woman, aged 35 years, following a miscarriage 3 years before 
admission to the clinic, had noted burning and increased heat in the por- 
tions of the feet which bear pressure. There were two types of pain- 
diffuse, superficial burning, and, with further aggravation from exercise, 
deep, burning pain. There was also increased local heat, mild redness and 
dilatation of the veins. The hands were also involved to a less degree. 
There was no sweating during the attacks. The effects of exercise on the 
surface temperature of the feet are shown in Table 3. Between attacks, 


Table 3. — Effects of Exercise on Surface Temperature (Degrees C.) of 

THE Feet.* 

Left foot. Right foot. 


Time. 

Plantar 

surface, 

second 

toe. 

Dorsum. 

Plantar 

surface, 

second 

toe. 

Dorsum. 

Comment. 

10:45 A.M. 

. 28.5 

31.4 

31.3 

31.7 

Feet cool and comfortable; 

11:30 a.m. 

. 25.8 

30.1 

29.3 

30.6 

no exercise. 

At rest; no symptoms. 

12:00 NOON . 

. 25.1 

29.5 

28.5 

30.0 

At rest; no symptoms. 

3 :00 p.M. 

. 35.5 

35.5 

35.9 

35.9 

Patient walked 13 blocks; 

4:00 p.M. 

. 34.9 

35.5 

35.3 

35.1 

feet dry and hot; burning. 
At rest; no change in symp- 

5:00 p.M. 

. 33.2 

34.1 

34.3 

34.2 

toms. 

At rest; burning practically 

* Detail concerning Case 5 of Table 2. 


disappeared. 


with rest, a difference of 2.8° C. was noted in the surface temperature of 
the plantar surfaces of the toes of the two feet. Following a brisk walk of 
thirteen blocks the feet were dry, hot and burning, and the temperature of 
the left and of the right foot increased to 35.5° and 35.9° C., respectively. 
With 2 hours’ rest the temperature of the left foot had dropped 2.3° and 
that of the right foot 1.7°, and the burning distress had practically dis- 
appeared. 

Studies of the effect of posture on the surface temperature disclosed that 
short periods of elevation produced a decrease of 1° to 2° C. in surface 
temperature but did not give complete relief. It was found that periods 
of 30 minutes to an hour were necessary for the temperature to decrease 
to a point at which burning would disappear. Perception of pain was 
present when the cutaneous temperature was appro.ximatel}’" 33° C. 

Case 6. — To a man, aged 55 years, barometric changes and exercise were 
the chief factors in producing the burning distress in the feet, whereas 
rest was the main measure of relief. The effect of atmospheric tempera- 
ture was not decisive. It seemed necessary to include tliis case in our 
series, for during the attacks the surface temperature was as high as 36° C. 
"With a short period of rest the temperature would subside, and the attack 
was ended. It is possible that some degree of paresthesia, or of progressive. 
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localized arteriosclerosis may have been present, for subsequent reports 
from, this patient revealed that four years later the condition had largely 
^bsided, and that the feet were giving very little trouble. This case and 
Case 3 should perhaps be designated as atypical examples of erythromelalgia. 

Case 7.— A man, aged 62 years, 12 years before his admission here, had 
had his feet frozen.” Following this, he had noticed burning and other 
paresthetic sensations in the areas of both feet that were subjected to 
pressure. The abnormal feature was the tendency of the distress to be 
more or less continuous; the congestion and redness were not pronounced. 
The aggravating effect of heat, exercise and standing were definite, and 
relief ydth elevation, cold and rest was decisive. During the periods of 
excessive pain the surface temperature of the feet was markedly increased, 
and it was found that it paralleled the burning sensation. The temperature 
at which pain appeared was about 33° C. The feet were comfortable at 
reasonable temperatures below 30° G. It was felt that probably some 
paresthesia was present in this case. Changes were not demonstrable in 
the peripheral arteries. Treatment was without avail. 

Case 8.~A man, aged 54 years, 10 j'ears before his registration here, 
had noted that after he had been on his feet during the day, or had been 
exposed to heat or exercise, there was hyperhidrosis and there were blisters 
on the soles of the feet. In the summer of the following year severe burning 
p’ain of the soles of the feet developed, and as it progressed involved the 
lower parts of the legs. The condition was bilateral and symmetric. 
Aggravation and relief under certain circumstances were tj'pical. The 
parts were congested during the attacks. The surface temperature was 
35° C. during the night, in a warm room, when his feet were covered with 
bedclothes, at which time he complained bitterly of the pain. During the 
time he was free from the distress the temperature of the feet w'as about 
25° C. Roentgenograms of the vessels disclosed some calcification of the 
arteries of the legs, but normal pulsations were present. Cinchophen, 
contrast baths and enforced periods of rest were prescribed for him. He 
was obsen^ed a number of times, and the condition graduallj' disappeared 
in 2 years. It is questionable w'hether medical measures had any effect 
on this. 


Case 9.~A woman, aged 78 years, apparently in good general health, 
for 4 years had had attacks of burning pain in tlie soles of the feet. She 
had also noticed small erythematous areas on the soles. These local areas 
were extremely hot to touch during the attacks. The condition was 
bilateral, and was brought on by hot weather, walking and standing; relief 
was obtained by elevation, application of cold and rest. There was no 
evidence of disease of the arteries of the feet. Roentgenologic examination 
gave evidence of slight rarefaction and osteoporosis of the bones of both 
feet. During the periods of distress the surface temperature was sharply 
increased, but records of e.xact temperature were not obtained. During 
the time when she was in comfort the feet were cool to the touch. The 
condition progressed to a point of almost complete disability. It was felt 
that the diagnosis of erythromelalgia was justified in this case, but there 
was also some generalized arteriosclerosis without occlusion, probably com- 
patible with her age. Contrast baths, cinchophen and rest gave slight 
relief. Her case was not followed. 

Case 10.— A man, aged 54 years, 18 months before admission here, witiiout 
antecedent disturbances in health, noticed burning pain in both feet, more 
marked in the right. This ciidiculty was first noticed in the summer and 
was especially severe when the patient was playing golf. There had bceti 
nroEressive increase in the severity of the condition. Heat and exercise 
produced the pain, and rest, cold and elevation relieved it. He described 
the distress as a deep, burning pain localized on the plantar and dorsal 
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surfaces of the anterior part of the arch and of the toes. _ During the attacks 
tile surface temperature was liigli in the painful portions, and there was 
marked congestion and dilatation of the veins._ Of particular interest were 
the occasional periods of refractiveness to stimulation, which lasted 7 to 
10 daj^s following a severe attack. He could exercise freely during^ these 
periods of freedom, without pain. Changes were not demonstrated m the 
peripheral arteries. Observations during the attack (Table 4) disclosed 
marked congestion of the right foot, and that surface temperatures m the 
affected portions ranged from 35° to 36° C. There were hj^eresthesia 
and mild sweating. The pain was intense and localized deep in the foot. 
OsciUometric tracings disclosed marked increase in amplitude of pulsations 
of arteries (Fig. 2). The left foot reacted to a temperature of 34.4° C,, 
but was less congested, and pain was present only in the first toe. The 
right foot was elevated; relief of pain followed, and the surface temperatures 
and pain decreased in parallel degree. "Wlien the surface temperature of 
the right foot dropped below 33° C. (not shown in table) pain almost ceased. 
The man was of a hjTiersensitive type. 



Fig. 2 — (Case 10, Table 2.) OsciUometric tracings to demonstrate difference of 
pulsations in normal state and during attack. 

The rate of elimination of heat in the right foot, as measured in the 
foot calorimeter, during normal periods, was 33 small calories for each 
minute for the entire foot, or 0.32 small calories for each square inch for 
each minute (normal range, 0.46 to 1.15). During an attack the loss of 
heat for the entire foot was 205 calories, or 2.01 calories for each unit area 
(Fig. 3). This measurement of transference of heat is an indirect measure 
for volume flow of blood in a unit of time, and the figures obtained in this case 
indicate a huge increase of more than 600 per cent in flow of blood during the 
period of vasodilatation. 

_ The studies on the concentration of ox 3 ’^gen in the venous blood of the 
right foot before and during the attack were also instructive. With the 
surface temperature measuring 31° C., and no subjective symptoms, the 
concentration of oxygen was 57 per cent, a normal value. During the phase 
of active vasodilatation, when the cutaneous temperature was 35.3° C., 
the concentration of oxygen was 83 per cent. This indicates blood with 
oxj-gen content approaching that of arterial blood (94 to 96 per cent) . This 
gives further evidence of the high degree of dilatation of the arterioles. 
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Table 4 . — Subface Temperattjhes (Deghees C.) of Feet Doting Attack.* 
Eight foot. Left foot. 


Time, 

A.M. 

Dorsum. 

Plantar 

surface, 

anterior 

arch. 

Dorsum. 

Plantar 

surface, 

anterior 

arch. 

Comment. 


32.2 

31.6 

31.2 

31.4 

Patient at rest: comfortable; no pain. 

9:20 

32.4' 

31.4 

31.2 

31.6 

Control period. 


34.2 


, . 

Right foot flushed, graded 1; veins 

9:25 


34.9 



prominent; burning distress just 
perceptible. 

Foot covered and at level of body. 

9:32 


36.5 



Subjective feeling of heat and bum- 

9:45 


36.7 



ing pain; increase of subjective 
burning; veins dilated. 

Foot felt as if on fire; pain more 

9:50 


36.8 • 



severe. 

Throbbing burning pain; face flushed ; 

9:55 


36.4 



mild tachycardia; rate 100. 

Foot hanging down; violent burning 

10:00 


36.1 


34.4 

pain. 

Bight foot elevated; slight subjective 

10:05 


35.9 



relief; left foot in horizontal posi- 
tion. 

Gradual relief of pain and burning. 

10:20 


35.6 


35.3 

Mild residual burning; burning in 

10:25 


35.5 


35.5 

left foot. 

Burning slight; moderate pain in left 

10:30 


35.4 



foot. 

Residual burning in right first toe. 

* Details concerning Case 10 of Table 2. 




Pig. 3. — (Case 10, Table 2.) Increased limitation of heat during an attack of pain, 
with great vasodilatation. 

Study of Group 2: Unilateral Disturbance in Vasodilatation. This 
group was composed of 3 cases of disturbance in vasodilatation, 2 
of whidi were t>T)ical of erythromelalgia, except that the condition 
was unilateral. (Table 5.) 
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Case 11 . ^ A man, aged 46 5 ’ears, had attacks that appeared sponta- 
neously during the night, with relief on walking. Thus, the factors of 
p’citement and relief were not tj^iical. However, the patient was included 
m tins series because the sj^mptoms and increase in surface temperature 
were closely parallel. Apparently the condition was primary, for no 
causatirm factors were found. 

Case 12. — A man, aged 48 years, had a characteristic case, except that 
the sjnnptoms were limited to the right foot. The surface temperatures 
of the right and of the left foot during periods of rest and during periods of 
exercise (Fig. 4) show clearly the unilateral nature of the disorder, and 
that the threshold for burning was appro.ximately 33.5 ° C. With a drop in 



Pig. 4. — (Case 12, Table 5.) Surface temperature of feet in a case of unilateral 
disturbance of vasodilatation. 


temperature of approximatelj'' 1° C., the burning was relieved. The 
response to exercise of surface temperature of the left foot was approxi- 
mateW that obtained in a normal person. 

Case 13. — A farmer, aged 48 years, gave a history of haidng had a burning 
sensation in the palmar surfaces of the fingers of the left hand for 21 j^ears. 
Objectively, during the attacks the finger pads, and the regions at the bases 
of the fingers, became intensely red, swollen and congested, with marked 
increase in the surface temperature. These episodes were brought on b.v 
exercise and by hot weather; relief was obtained by elevation, application 
of cold and rest. The surface temperatures of the palmar surface of the 
left first finger during the painful attack reached 34.2° C,, but in the cor- 
responding region on the right, or unaffected side, the temperature was 
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27.9° C (Table 6). Hyperhiclrosis and hyperesthesia of the affected 
parts were present during attacks. The condition at times became very 
distressing and had progressed until it had caused almost complete dis- 

Table 6.— Tembekatdbe (Degbees C.) of Right and Left Hands in Disthbbance 
OF Vasodidatation of Left Hand.* 

Left Right 

palmar surface. palmar surface. 


Time, 

First 

Third 

First 

Third 


P.M. 

finger. 

finger. 

finger. 

finger. 

Comment. 

3:30 . . . 

. . 34.2 

34.1 

27.9 

29.9 

Patient at rest; burning 

4:10 . . . 

. . 32.9 

33.4 

26.3 

28.7 

pain in left hand. 

4:45 . . . 

. . 32.6 

32.7 

24.3 

27.7 


5:30 . . . 

. . 30.9 

30.8 

22.4 

25.7 



* Detail concerning Case 13 of Table 5. 


ability. Nothing was found in the examination to indicate any predispos- 
ing factor or a primary disease. Six months following local application of 
radium the patient obtained complete relief. He returned 3| years later, 
with a similar condition in the left foot (data not included in Table 5). 



Fig. 5. (Case 13, Table 5.) Shaded portion indicates painful area. Numerals 
indicate surface temperature which is evidence of unilateral nature of the disturbance. 

This had developed in the preceduig year. The attacks were excited by 
exercise and hot weather, and relief was obtained by elevation and applica- 
tion of cold. The areas of vasodilatation are shown in Fig. 5, Slight 
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symptoms were present also in the right foot, but they were very mild and 
practically unnoticed b 3 ’^_the patient, unless he was specifically questioned. 
It will be noted from this figure that the area of greatest distress corre- 
sponded rather closely with the greatest increase in surface temperature. 
Both feet were somewhat congested, the veins were dilated, and if exercise 
was persisted in the entire foot participated in the “ vascular storm. ” During 
an attack the output of heat was 42 calories for each minute for the entire 
foot, whereas elimination of heat from the left foot was exactly half of this. 
An iiiteresting feature in this case was the evidence of possible early polycy- 
themia vera. The blood volume was 103 cc. for each Idlogram of body 
weight;^ the percentage of cells by the hematocrit method was 57; the con- 
centration of hemoglobin was 117 per cent, and erythrocytes niunbered 
5,630,000 per c.mm. The spleen was not palpable, but the appearance of 
the man’s face and mucous membranes suggested early polycythemia vera. 
Diagnosis cannot be made until time has elapsed. Radium was applied 
locally, the results of which are not known to date. 

There is some question as to whether the 3 cases in this group 
should be considered to be examples of erythromelalgia. If the 
condition had been definitely bilateral doubt would not have been 
raised. That it was unilateral throw^s grave doubt on the correct- 
ness of diagnosing these conditions as erythromelalgia. In my 
opinion, it would be- necessary for complete follow-up study of these 
patients to be carried out to make certain that no underlying 
primary disease was present, particularly polycythemia vera, since 
unilateral vasodilating disturbances have been fairly common in 
this condition. 

General Comment. It is apparent from this study that the 
syndrome described by Mitchell represents one of the conditions 
that is most rarely found in clinical medicine. Statistics at The 
Mayo Clinic indicate that the incidence is approximately 1 case in 
every 200 cases of peripheral vascular disease, and that the yearly 
incidence is 1 to 40,000 cases for the total number of patients 
registered. 

It is important to separate from the group of cases of erjdhro- 
melalgia those cases in w'hich there is burning pain in the hands and 
feet, secondary to other diseases. The hot, burning disturbances 
of acral portions, observed in polycythemia vera, may especially 
be mentioned. This interesting phenomenon of vasodilatation is 
frequently a precursor, or early symptom, of polycj'ihemia vera, 
and at times is the only condition of wRich complaint is made. 
Similarly, vasodilatation is present in some cases of peripheral 
neuritis, especially those due to the toxic effects of the heavy 
metals, such as tliallium, mercury and arsenic. Cases of gout are 
at times confusing; response to rest, heat and exercise make it 
possible to distinguish ersdhromelalgia from other conditions. 

Greater difiiculty is encountered in older subjects who give some 
eradence of peripheral and general arteriosclerosis, and whose major 
complaints are of burning extremities. These conditions frequently 
are bilateral, and symptomatically tliey conform, in some degree, 
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to erythromelalgia. The great majority of these cases are examples 
of paresthesia of central origin. The essential point to determine 
is whether the subjective symptom of burning is associated with 
increase in heat of the affected part. I have found that some vaso- 
dilatation is often present. It is essential to learn, then, if the 
increase in surface temperature attains a level of 33° to 36° C., and 
if this increase, and the return to normal after it, .parallel the pro- 
gression and regression of the subjective distress. Usually the other 
paresthetic symptoms, and the factors of atypical relief and aggrava- 
tion, indicate clearly their paresthetic nature. There is a larger 
group of older subjects who have burning distress in the feet but 
who do not give evidence of vasodilatation. A definite point in 
eliminating this group from consideration as examples of erythro- 
melalgia is the statement by the patient; “While my feet are cold, 
they burn.” This is easily corroborated by determinations of sur- 
face temperature made in the periods of distress. Dissociation of 
burning and surface temperatures is the rule. This condition is 
designated as burning paresthesia. It usually occurs in older sub- 
jects, who give evidence of cerebral and local arteriosclerosis, and 
after hemiplegia of hemorrhagic or thrombotic origin. Definite 
information on this point can be obtained by spinal anesthesia; 
with complete analgesia of the affected parts the burning distress 
may still persist. 

The perception of pain in relation to surface temperature is of 
interest. This varies within a fairly narrow range, but the increase 
in temperature does not furnish the sole explanation of the sub- 
jective distress. Sensitivity of the patient must play a large part, 
and intermittency of the periods of vasodilatation is important. 
Patients who have undergone lumbar ganglionectomy often have 
surface temperatures of the feet of 33° to 34° C., but subjective 
burning is rarely present. One patient, follo^ving cervicothoracic 
ganglionectomy for arthritis, had subjective burning in the hands, 
and relief was obtained by elevation. This condition disappeared 
in 8 or 10 days. The high surface temperature is fairly constant, 
and perception of it is dulled. If fluctuations of cutaneous tem- 
perature are rapid, and extend over a range as wide as 8° to 10° C., 
I believe distress would be noted subjectively. If this occurred in a 
hypersensitive person probably severe pain would be the complaint. 
An additional unknown fault of the nervous system may be necessary 
to produce the syndrome. 

Bilateral distribution of the objective and subjective manifesta- 
tions of erythromelalgia is most essential to its identification. 
However, complete symmetry may be lacking. It was observed in 
practically all of my cases that in one extremity there was a greater 
amount of vasodilatation and subjective distress than in the other. 
This is well shown in Case 10 (Table 2). The complaint was 
largely of a unilateral condition, but it was found that the dis- 
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turbance btis bilateral, aggravated in the right foot. This variation 
in the grade of vasodilatation was fairly frequent. There remained 
3 patients in whom the disturbance of vasodilatation was distinetly 
unilateral, both as regards objective evidence and subjective com- 
plaints. These cases could not be accepted as examples of erythro- 
melalgia. I am of the opinion that this disturbance of vasodilata- 
tion ma 5 '^ be a precursory symptom of some other disease. 

It is e\ndent that patients who complain of sensations of burning 
in the extremities offer considerable trouble in diagnosis. Satis- 
factory nomenclature is lacking. However, I believe accurate 
studies of surface temperature in relation to subjective distress 
allow primary separation into two groups; those with and those 
without local vasodilatation. 

This distinction is fundamental; if increased vasodilatation is 
present, and parallels the degree of pain or distress, and is bilateral 
and intermittent, I believe the diagnosis of erythromelalgia is 
warranted, provided primary or associated disease is not present. 
If these features are present relief by application of cold or by 
elevation and aggravation by exercise or heat seems necessarily 
a corollary. 

Of special interest is the refractory state that was observed in 
Case 10 (Table 2). Following a fairly severe attack induced by 
exercise, for 6 to 10 days an equal or greater amount of exercise 
would produce slight, if any, vasodilatation. Then, if a period of 
rest of a few days was given exercise would excite a severe attack. 
A systemic reaction, consisting of tachycardia and slight flushing 
of the face, vith a sensation of heat, was observed during a severe 
local reaction in the feet. This observation is most unusual, and 
may throw some light on the etiologic mechanism of erythromelalgia, 
suggesting a possible chemical or hormonal agent as a basis for the 
vasodilatation. An analogy to this is observed in certain cases of 
cold allergy ndth systemic reactions. 

Since excess volume of flow of blood is the basis of the symptoms 
in erjdhromelalgia, gangrene or trophic changes should not ensue. 
The cases reported in the literatiue as erj’thromelalgia with gan- 
grene, I am convinced must be erroneous. They probably repre- 
sent either cases of thromboangiitis obliterans, with the usual rubor 
or cases of arteriosclerotic disease, ndth burning paresthesia. 

The treatment of erythromelalgia is still unsatisfactory. _ Two 
of the cases which I have seen recently responded well to application 
of radium locally, and I believe this should be tried in all cases. 
However, these patients have not been observed for a sufficiently 
long period to allow me to be certain of the lasting effect of this 
treatment. In the cases of long standing some degree of mental 
deterioration may develop, due largely, I believe, to the unending 
annoyance and distress incident to the disease. 
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Summary and Conclusions. Eiythromelalgia, first described by 
Weir Mitchell, is a vasomotor disturbance of imlcnown etiology and 
is an extremely rare disease. The term eiythromelalgia is not 
entirely . accurate, since redness and pain in the extremities are 
common to several vascular diseases of diverse types. In erythro- 
melalgia attacks of local vasodilatation, with increased local heat 
and pain, constitute the basic disturbance. 

Four fundamental criteria are essential to diagnosis of the disease: 
(1) Bilateral burning pain in the extremities; (2) sharp increase 
of local heat in the affected parts, but redness, flushing or congestion 
may vary in degree; (3) production and aggravation of the distress 
by heat and|exercise, and (4) relief by rest, cold and elevation. 

During the attacks the temperature of the affected parts should 
be found to reach or exceed 33° or 34° C. and pain usually becomes 
evident when this temperature is reached or exceeded. Augmenta- 
tion in arterial pulsation and in the rate of loss of heat give further 
evidence of the high degree of dilatation of arteries. 

Certain methods of study to distinguish between the different 
conditions in which burning extremities occur are outlined. 
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THE BLOOD PRESSURE IN THE ARTERIES OF THE EXTREMI- 
TIES IN NORMAL SUBJECTS AND IN PATIENTS WITH 
PERIPHERAL VASCULAR DISEASE. 

By Herman E. Peaese, Jr., M.D., 
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AND 

John J, Morton, M.D., 
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(From The Department of Surgery, The University of Rochester, School of Medicine 
and Dentistry, Rochester, Now York.) 

In the study of the abnormal physiologic changes resulting from 
vascular diseases of the extremity the blood pressure is an important 
factor, for in any hydrodynamic system, flow is a function of pres- 
sure and cross-sectional area. It is apparent that the frequent 
involvement of tlie vessels of the lower extremities makes it desir- 



Fig. 1. — The cuffs for recording the blood pressure in the dorsah's pedis and pos- 
terior tibial arteries applied to the limb and attached to the sphygmomanometer. 
The loiyest cuff is for the dorsalis pedis, the middie one is for the posterior tibia] and 
the upper one is a “shut off” cuff. 



2. — The arrangement of the special cuffs: No. 1, dorsalis pedis: No. 2, pos- 
terior tibial; No. 3, “shut off.” Although No. 1 and No. 2 are attached there is no 
communication betwen them. 
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able to obtain data on the pressure changes in this location- but no 
apparatus has heretofore been available for such measurements. 
With the development of a reliable recording sphygmomanometer* 
it was thought to be possible, by using special cuffs, to obtain the 
pressure in the dorsalis pedis and posterior tibial artp-ies (Fig. 1). 
These cuffs were madef (Fig. 2) and were found to give a satisfac- 
tory record of the blood pressure in tliese vessels. It was then 
decided to study, not only the changes with arterial disease, but 
also the alterations in pressure brought about by changes in posture 
in normal adults. 

It is well loiown that in the presence of occlusive vascular disease 
elevation of the extremity results in pallor and ischemia, while 
dependency of the structure causes rubor and cyanosis and this 
has been assumed to be a hydrostatic effect. In order to determine 
the changes in arterial pressure with alteration in position, 16 
normal adults were studied. After a period of rest in the horizontal 
position, the pressure in the brachial, dofsalis pedis and posterior 
tibial arteries was determined. That of the latter 2 vessels was then 
recorded, first in elevation at an angle of 45 degrees and then in 
dependency with the limb hanging over the edge of the table. The 
results are shown in Table 1 from which it is seen that the average 
pressure in the brachial artery is midway between the pressure in 
the posterior tibial and dorsalis pedis, that of the former being 
consistently higher, while the latter is at a lower level. This is 
shown in Fig. 3. The effect of alteration in position may also be 
noted from this table and is shown in Fig. 4. If the loiver extremity 
is elevated at an angle of 45 degrees the average fall in pressure 
in the posterior tibial artery is found to be 46 mm. Pig. The average 
height of elevation above the horizontal was 660 mm. and computa- 
tion of the hydrostatic effect shows a theoretical cliange of 51.3 
rnm. Hg., which gives a difference from the recorded change of 
5.3 mm. Hg. The dependency of the limb at an angle of 90 degrees 
caused an average rise of pressure in the posterior tibial artery of 
28 mm. Hg. The average amount of depression below the hori- 
zontal was 390 mm. which would give a hydrostatic effect of 30.3 
mm. Hg. and hence a difference of 2.3 mm. Hg. from the recorded 
result. A typical record of the change in pressure with a shift in 
position is shown in Fig. 5. 

The same correlation between the theoretical and actual results 
of alteration in position is found in the case of the dorsalis pedis 
artery. In tliis vessel an average elevation of 680 mm. gives a fall 
in pressure of 39 mm. Hg., while the calculated hydrostatic effect 
is 52 mm. Hg., and an average depression of 410 mm. gives a rise 
of pressure of 37 mm. Hg. with a calculated change of 32 mm. Hg, 

* Tycos recording sphygmomanometer. 

t Wo .aro indebted to Mr. Samuel Amdursky of tlie Taylor Instrument Companies 
for his assistance in obtaining the desired apparatus. 


Taiile 1. — Tub Rbadingb op tub Braciiiab Bbood PnEsanRE and op the Posteriob Tidiab and Dorsalis Pedis Blood Pressure in the 

Horizontal, Elevated and Dependent Positions in Normal Adults. 
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Fig. 3.— The normal relation of the systolic blood pressure in the horizontal position 
at rest in the brachial, posterior tibial and dorsalis pedis arteries. 
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Fig. 4.-The average change in systolic blood pressure due to .alteration in position 

of the limb. 
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The results recorded -with the dorsalis pedis artery are probably not 
entirely accurate because the weak character of its pulse, particu- 
larly with the limb elevated, made interpretation of the records 
difficult. 

If simultaneous readings are taken on the pressure in the brachial 
and posterior tibial arteries it is noticed that with elevation of the 
limb and consequent fall in pressure in the vessels of the extremity 
there was a slight rise in the pressure of the brachial artery. It is 
possible that the elevation of the limb reduced the volume flow 
through tlie extremity and hence increased the blood volume in 
the general circulation. The converse of this effect is noted with 
depression of the extremity. 



Fig. 5. — A typical chart of the effect on the blood pressure and amplitude of the 
pulse rvave in the posterior tibial artery of elevating and depressing the limb. 


The instrument used has the advantage of giving not only a per- 
manent record of the blood pressure in the vessel being studied but 
also gives a chart of the strength of the arterial pulsation. This 
latter effect is the same as the oscillometric determination with the 
Pachon instrument and is of equal importance. I^Tien applied 
to tlie dorsalis pedis and posterior tibial arteries it serves to give 
an index of the caliber of these vessels. In normal subjects it was 
observed that if tlie pulsation in one of these vessels was vigorous 
that in the other was often weak. It most frequently occurred that 
the posterior tibial had the stronger pulsation and occasionally it 
was found to be impossible to record die pulse in the dorsalis pedis 
artery. It appears that a reciprocal relation exists between these 
vessels. 

It was hoped tliat by means of a sensitive instrument, pressure 
could be recorded in the posterior tibial and dorsalis pedis arteries 
even in the absence of a perceptible pulse. It is well known that 
blood flow occurs in a vessel in wdiich no pulse can be detected. 
However, tliis was found to be impossible and no record could be 
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obtained if die perceptible pulsation of die peripheral vessels was 
absent. On tlie otlier hand, it was found that by using the arm 
cuff applied to die leg a record of die intravascular pressure and 
amplitude of the pulse could be recorded for die larger vessels. 
The study of die force of the pulse wave in diese arteries gives a 
record of the oscillometric effect and may be used to determine the 
level and degree of involvement in cases of thrombotic or sclerotic 
occlusion. An illustration of this is shown in Fig, 6 which is a 
tracing from a case of diabetic endarteritis widi a pregangrenous 
lesion. It will be seen diat the force of the pulse just above die knee 
(popliteal artery) is good, while just below the knee (tibial and 
peroneal arteries) it is nearly absent. This shows that the level of 



Fig. 6. — Diabetic endarteritis with abrupt arterial occlusion. The popliteal 
artery (1) just above the knee has a strong pulse while there is no pulse; (2) 3 inches 
lower at the level of the tibial tubercle. Subsequent dissection showed the obstruc- 
tion at the bifurcation of the popliteal artery into its posterior tibial and peroneal 
branches. 


occlusion is near die bifurcation of the popliteal artery and that the 
vessel above this point is not seriously involved. Subsequent dis- 
section confirmed this finding. The use of the intrument to obtain 
a record of the character and amplitude of the pulse in patients with 
arterial disease of the extremities gives concrete information that 
is of value in deciding upon the therapy to be used. Various types 
of involvement are found varying from gradual progressive occlu- 
sion (Fig. 7) down die leg to sudden, sharp level of thrombotic 
obliteration. 

Discussion. The data presented show that a cliange in posture 
of die lower extremities materially alters die blood pressure in the 
arteries of the limb. Change of position also influences die strength 
of die pulsation of die vessel. Vflien the leg is in the dependent 
position, the systolic and diastolic pressures increase and the pulsa- 
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tion is maximal, lillevation of tlie limli gives the opposite effect, 
namely to decrease the blood pressure and diminish the force of 
the pulse. This result gives a mechanical explanation of the phe- 
nomena observed with change in position of a limb afflicted with 
severe arterial disease. Under such conditions, an important part 
of the physical examination is the observation of tlie effect of posture 
on the circulation of the part. It is found that elevation results in 
blanching, pallor and even a cadaveric appearance. This ischemia 
is produced at a definite angle in each individual depending upon tlie 
amount of arterial involvement and Buerger^ has defined tliis as the 
angle of vascular sufficiency. Samuels'^ has shown that motion of 
the toes accelerates this phenomena and may in addition produce 
symptoms resembling intermittent claudication. Matas^ has made 
use of the circulatory changes accompanying shift of position to 
evaluate the level of efficiency of the collateral circulation. It is 
obvious that if the blood pressure and force of the pulse are dimin- 
ished in normal subjects by elevating the limb, then under conditions 
of impaired circulation there is apt to be complete incompetence in 
this position and ischemia will result. 

The depression of the limb, with its consequent increase in blood 
pressure and force of the pulse, allows more blood to be forced 
through tlie narrowed channels. It has been shown^ that in the 
later stages of obliterate endarteritis the vasomotor control and 
vasomotor gradient in the lower extremities is obliterated. Thus, 
there will be no counteracting mechanism for tlie increased pressure 
of tlie hydrostatic effect and cyanosis and rubor will result. Turner, 
Newton and Haynes^ have recently demonstrated an increase in 
the blood content of the legs held in dependency. 

In the management of patients with peripheral vascular insuffi- 
ciency this effect of position on the circulation should be considered. 
If the circulation is incompetent the limb should never be elevated 
except during brief intervals for the purpose of exercise. It would 
appear to be beneficial slightly to depress the leg thus increasing 
the intravascular pressure but this should never be done to the 
extent of causing rubor or cyanosis since edema may result. 

Little need be said of the use of the instrument for determining 
the force of tlie pulse wave in subjects with vascular disease. This 
metliod is exactly similar to oscillometry with the Pachon« instru- 
ment and Samuels^ has discussed the value of oscillometry in these 
conditions. Recently Simpson® has compared the Pachon and 
Tycos machines in a variety of vascular disturbances. We have 
used the Pachon instrument for a number of years and we feel that 
witli the recording sphygmomanometer, there is not only the advan- 
tage of having permanent calibrated records but also that tliis 
instrument is^more sensitive and gives more reliable readings than 
does the Pachon. Burdick et al.^ have recorded the differences in 
blood pressure in tlie arm and leg of normal subjects and have 
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shoivn that the femoral pressure is consistently higher than that of 
the brachial.^ Our observations show that this difference extends 
to the posterior tibial artery as well. The explanation of this phe- 
nomena is given by Bazett*^ to be the conversion of kinetic energy 
into stress. 

It is expected that the further use of the apparatus described 
will not only aid in obtaining accurate information about cases of 
arterial disease but also will serve to advance our knowledge of 
peripheral vascular physiology. 

Summary and Conclusions. 1. The effect of alteration in position 
of a limb on the blood pressure of the peripheral arteries has been 
studied. It was found that elevation of the extremity lowered the 
blood pressure while its depression raised the intravascular pressure. 
These results correlated with the theoretical hydrostatic change of 
such a maneuver. 

2. In peripheral vascular lesions it is essential to know the 
condition of the main arteries as well as that of the arteriolar and 
subpapillary branches. The vasoconstrictor influence upon the 
latter structures is demonstrated by a skin temperature response 
to known agents. The state of the main vessels can only be deter- 
mined by estimation of the perceptible pulse or by oscillometry. 

3. In the past the Pachon instrument has been the standard for 
oscillometric determinations. The Tycos recording sphygmoma- 
nometer has the advantage of giving an accurate, permanent cali- 
brated record for this purpose. 

4. The use of this instrument with the special cuffs devised is 
considered desirable to determine not only the condition of the 
vessels in disease but also to study vascular physiology. 
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CORONARY DISEASE IN 100 AUTOPSIED DIABETICS. 

By M. H. Nathanson, M.D., 

ASSISTANT pnOFESSOR OF MEDICINE, MEDICAD SCHOOL, HNIYERSITY OP 
MINNESOTA, MINNEAPOLIS, MINN. 

(From the Department of Medicine, University of Minnesota, Medical Service, 

General Hospital.) 

Since the discovery of insulin the clinical picture of diabetes has 
been changing. While in the preinsulin era malnutrition, infection, 
acidosis and coma v^ere the chief problems and dangers of the 
diabetic, we now find that vascular disease is playing a greater part, 
while coma is becoming more and more infrequent. This is well 
brought out by the statistics of Joslin,^ in an analysis of 1756 diabetic 
deaths. It will be noted that since the introduction of insulin the 
deaths from vascular disease have increased from 28 to 47 per cent. 
In a more recent series of 42 diabetic deaths reported by Joslin,^ 
in 1928, not a single death was due to coma and about one-half 
died of vascular diseases. 

It is a familiar fact that the peripheral arteries of the diabetic 
are prone to sclerosis. Attention was drawn to this early, because 
of the frequency of peripheral gangrene in diabetes and the presence 
of sclerotic vessels in amputations for gangrene. More recently 
the clinical detection of peripheral arteriosclerosis has been made 
even more exact by the use of the Roentgen ray method. Aside 
from the peripheral arteries, comparatively little attention has been 
given to changes in other vessels. 

Warren and Root® found in 17 autopsies on diabetics above the 
age of 40 years 5 cases with no coronary sclerosis, 4 with slight 
change and 8 with marked coronary disease and myocardial degen- 
eration. Vascular disease apparently was more frequent in the 
obese. Wilder,* in 58 autopsies at all ages, found 34 per cent show- 
ing extensive coronary disease. In 75 per cent of the cases with 
peripheral gangrene a high degree of coronary sclerosis was noted. 
Bowen and Koenig® recently published an excellent report on the 
study of the peripheral arteries in the diabetic by means of the 
Roentgen ray. Incidently, they presented a table of 18 cases from 
a series examined, in 1924, who had died since that time. Of these 
18 cases 7 died cardiac deaths, 6 of these presenting the characteristic 
clinical features of coronary tlurombosis. 

In the present study the records of 100 diabetics that came to 
autopsy were analyzed with special reference to the cardiovascular 
pathology. The coronary arteries were considered as diseased only 
when there was marked sclerosis with definite narrowing and partial 
obliteration of the lumen of one or more large branches, for it is this 
tjqie which has definite clinical significance. The essential data are 
summarized in Tables 1, 2, 3 and 4 and Chart I. 
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Discussion oe Tables. Table 1; In this table the incidence 
ot coronary disease by decades is presented. It is to be noted that 
^yhe^eas the frequency is low in the earlier decades, there is a sharp 
rise above the age of fifty years. Of 26 autopsies below this age 
there are but 2 instances of coronary disease, or 7.7 per cent. Of 
the 74 autopsies 'above the age of fifty years coronary disease was 
present in 39 cases, or 52.7 per cent. This high incidence of coron- 
ary sclerosis is in fairly close agreement with the above mentioned 
report of Warren and Eoot. These observers, in 17 diabetic 
autopsies above the age of 40 years, found 47 per cent showing 
extensive coronary disease. Wilder, in 58 autopsies at all ages, 
found an incidence of 34 per cent, as compared with 41 per cent in 
the present series of 100 autopsies. Hepburn and Graham® studied 
the electrocardiograms of 123 clinical cases of diabetes at all ages. 
Electrocardiographic abnormalities were present in 45.5 per cent, 
which for the most part were characteristic of coronary disease. 


Table 1. — Coronary Disease in Diabetes. 

Coronary sclerosis. 


Age. 

Autopsies, 

No. of cases, 

Per cent, 

100. 

41. 

41. 

10 to 20 

.... 1 

0 

0 

20 to 30 

.... 2 

0 

0 

30 to 40 

.... 11 

1 

9.0 

40 to 50 

.... 12 

1 

S.O 

SO to 60 

.... 27 

14 

52.0 

60 to 70 

.... 33 

17 

52.0 

70 to 80 

.... 12 

6 

50.0 

80 to 90 

2 

2 

100.0 

Above age of 50 . . . , 

74 

39 

52.7 
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Since in any series of autopsies above the age of fifty years 
coronary disease is not an infrequent finding, it seemed necessary 
to compare the incidence of coronary sclerosis in autopsies on 
diabetics with that in general autopsy'" material. Of 249 consecu- 
tive autopsies above the age of fifty years there were 21, or 8.2 per 
cent, showing extensive coronary sclerosis as compared with 52.7 per 
cent in the diabetic series of 100 auto]isies. The difference in the 
two groups is thus very striking, indicating that above the age of 
fifty years the incidence of coronary disease is approximatelj’' six 
and a half times greater in diabetics than in nondiabetics. Chart I 
shows graphically the comparative frequency of coronary'' disease in 
diabetics and nondiabetics by decades. 

Table 2; This table shows the distribution of the cases of 
coronary disease according to sex. It will be noted that there is 
a preponderance of males, the ratio of males to females being 1.8 
to 1. In a previous analysis^-mf 113 cases of coronary disease in 
nondiabetics that came to necropsy the proportion of males to 
females was 3 to 1. The greater susceptibility of the male to 
arterial disease, and especially coronary sclerosis, is well known.' 
There is an indication that in diabetes the tendency to coronary 
arterial change is almost as great in the female as in the male. 
This is true not only of the coronary arteries but even more so for 
the peripheral vessels. Of 21 instances of peripheral gangrene there 
were 12 females and 9 males. This series is too small to draw 
definite conclusions, but it suggests that the comparative resistance 
of the female to the development of arterial disease is distinctly 
lessened when diabetes is present. 

Table 2.— Sex Distribution of Coronary Disease in Diabetics. 

Coronary sclerosis. 

Autopsies. No. of cases. Per cent. 


Male.s 57 29 50.9 

Eem.Tles 43 12 2S.0 


Table 3: The weight of the heart was recorded in 98 of the 
cases. Although no exact figure of heart weight can be given as 
the upper limit of normal, it is probable, according to Bell and 
Clawson,® that the normal weight seldom exceeds 400 gm. in the 
female and 450 gm. in the male. When a heart weight above these 
limits is not associated with such conditions as valvular disease, 
adherent pericardium, si^qihilitic aortitis, chronic glomeruloneplmitis 
and h;)q)erthroidism, it may be assumed with few exceptions that 
primaiy lyqiertension was present in life. Using 450 gm. as the 
upper limit, 17 of the 98 cases, or 17.3 per cent, showed evidence 
of hypertrophy. In 2 instances there was an exjilanation in the 
heart for hj’pertrophy, in 1 case an old rheumatic mitral lesion, in 
the other a luetic aortitis. There were 86 autopsies above the age 
of 40 years and 15 cases of idiopathic lypertrophy occurred above 
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this age, giving an incidence of 17.8 per cent. Bell and Clawson,® 
using otherwise unexplained cardiac hypertrophy at autopsy as 
evidence of hypertension, found that 13.3 per cent of males and 
10.9 per cent of females over 40 years of age had primary hyper- 
tension. Using this criterion, there is indication that hypertension 
is but slightly more frequent in the diabetic than in the general popu- 
lation. Opinion has been divided regarding the blood pressure in 
diabetes. It has frequently been stated that diabetes is a cause 
of hypertension. The observations of Major^ indicate that hyper- 
tension is not a prominent feature even in the elderly diabetic. 
This is in agreement with the conclusions which may be drawn from 
a study of the heai’t weights in Table 3. It is noteworthy that of 
the 15 cases of hypertrophy 12, or 80 per cent, showed extensive 
coronary disease. Bell and Clawson emphasize the frequent asso- 
ciation of coronary lesions and hypertensive heart disease. They 
found severe coronary disease in approximately 40 per cent of 
necropsies showing hypertensive heart above the age of 50 years. 
This indicates that coronary disease is twice as frequent in the 
hypertensive with diabetes as in the uncomplicated hypertensive 
■ heart. 

Table 3. — Weight op Heakt in 98 Autopsies on Diabetics. 

Heart weiftht. 


Grams. Coronary. Noncoronary. 

100 to 199 0 1 

200 to 299 3 25 

300 to 399 8 21 

400 to 499 20 8 

500 to 599 9 2 

600 to 099 1 0 


Below 450 grains 29 52 

Above 450 grains 12 5 

Coronary Disease and Peripheral Gangrene. Of the 100 autopsies, 
gangrene of the lower extremities of a mild or severe degree was 
present in 21 instances. There were 12 females and 9 males in this 
group. They were distributed according to age as follows; 1 
between 40 and 50 years, 7 between 50 and 60 years, 10 between 6 
and 70 years and 3 between 70 and 80 years. Of the 21 autopsies 
showing peripheral gangrene severe coronary disease with occlusion 
was present in 13, or 62 per cent. Wilder,"* from a study of 58 
autopsies, found a^high degree of coronary sclerosis in 75 per cent 
of diabetics with gangrene. It is important that the frequency of 
this association should be recognized. The probability of cardiac 
involvement should be taken into account, since surgical treatment 
is frequently considered in the diabetic with gangrene. Tins 
should add weight in the direction of conservative treatment and 
emphasize the study and care of the heart when more radical 
measures are necessary. 
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Aside from coronary disease there was little other cardiac change 
in the 100 autopsies. There were 3 cases of hypertrophy charac- 
teristic of hypertension heart with slight sclerosis but patent coron- 
ary yessels. All 3 died of congestive failure. There was 1 case 
of lues of the aortic orifice with aortic regurgitation. There was 
1 instance of chronic rheumatic mitral valve defect. That there is 
a striking infrequency of rheumatic valvular disease in diabetes is 
emphasized by Joslin.^'’ He states that up to 1917 he could recall 
no case of diabetes under 50 years of age in which the patient 
complained of shortness of breath or presented the signs of an 
incompetent heart due to valvular disease of a definite and unques- 
tionable rheumatic origin. Later several such cases did come under 
his observation. In a series of 56 autopsies upon diabetics at the 
Deaconess Hospital there was but 1 case of rheumatic heart disease. 
In reviewing the histories of diabetics, on the other hand, rheumatic 
fever is not uncommon. Barach^^ noted an incidence of 16 per 
cent in 226 cases. However, in 37 diabetics with a past history of 
rheumatic fever there occurred but 1 case of valvular heart disease. 
This indicates a definitely reduced incidence of cardiac involvement, 
since ordinarily it is estimated that rheumatic fever is followed in 
approximately 40 per cent of the cases by chronic valvular disease. 
Barach concludes that when a potential diabetic suffers an attack 
of rheumatic fever the heart is relatively immune to involvement. 
Joslin suggests the explanation that few children or young adults 
with severe rheumatic heart disease live tlmough the 25 or 35 years 
that are necessary to bring them to the age when diabetes is common. 

Another type of pathologic change which occurred in this series 
was a pale, swollen and cloudy heart muscle, the picture of a toxic 
myocardium. This was present in practically every case in which 
death was due to acidosis and coma. Foster,^" in studying the 
pathologic changes in diabetes, noted myocardial degeneration at 
necropsy in every case of coma. This suggests the possibility that 
the chculatory insufficiency which occurs in diabetic coma may in 
part be due to this toxic myocardial change. 

The exact mode of death could not be determined in every case 
of coronary disease, but in 35 the manner of death was quite definite. 
The causes of death in these 35 cases were as follows: A cardiac 
death occurred in 18, of which 11 were congestive heart failure and 
7 anginal. The 17 noncardiac deaths were due to the following 
causes; gangrene, 7; cerebral accident, 4; coma, 1; pneumonia, 1; 
cellulitis, 1; mesenteric thrombosis, 1; accidental, 1; suicide, 1. In 
none of this latter group Avere there any clinical features indicative 
of heart disease. It is evident that coronary disease must be 
suspected in the diabetic even though a clinical picture of heart 
disease is absent. 

Comment. There is no generally accepted explanation for the 
prevalence of arteriosclerosis in diabetics. Joslin^ believes that tlie 
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arteriosclerosis^ is secondary to the diabetes and that the duration 
of the disease is an important factor. He has found that diabetes 
of '5 years' duration or longer is practically always accompanied 
by some degree of arterial change. Joslin strongly favors the 
theory that the cholesterol which is usually increased in the dia- 
betic’s blood is the basis for the vascular change. He is influenped 
in this by the work of Aschoff, who believes tliat an increased 
amount of cholesterol in the blood is one of the prerequisites for 
arteriosclerosis. The sclerotic change follows a fatty deposition 
on the arterial walls, especially at points subject to mechanical 
strain. As support for his views Aschoff points to the many feeding 
experiments in rabbits, in which prolonged administration of choles- 
terol has almost uniformly been followed by typical changes in the 
aorta. Although this theory seems to apply to the conditions which 
exist in diabetes, there is little or no evidence at the present time 
that such a process actually takes place. 

A different explanation for the association of arteriosclerosis and 
diabetes is that the diabetes is a result of a generalized arterio- 
sclerosis which also involves the pancreas. The elderly diabetic 
has frequently been termed the arteriosclerotic diabetic, implying 
that the arterial disease is the primary process. This theory 
suggests itself because of the fact that severe arterial disease in 
diabetes occurs almost entirely at an age period when arteriosclerotic 
changes are frequent. It cannot be denied that difficulties arise 
when we attempt to determine etiologic relationships for arterio- 
sclerosis at a period of life when the normal individual is subject to 
vascular changes. However, there are several studies in young 
diabetes at age periods when sclerotic changes are ordinarily infre- 
quent, which indicate a high incidence and early development of 
vascular change. Allbutt,*^ discussing the relationship between 
diabetics and arteriosclerosis, states that " a plausible suggestion is 
that the glycosuria might be a result of arteriosclerosis in particular 
areas as, for example, the pancreas.” He continues, however, with 
the statement that this conception occurred to him before he had 
an opportunity of witnessing the gradual advance of vascular 
changes as a sequel to diabetes in 5mung persons. Allbutt iioted 
many instances of thickened arteries in children and comparatively 
young adults, one of the youngest being a girl, aged 14 years. 

Joslin,^'* in a study of 52 autopsies, found an incidence of arterio- 
sclerosis of 20 per cent in the second decade and of 59 per cent in 
the third decade. He mentions a boy whose diabetes began at 10.5 
and ended 5.5 years later. The atheromatous plaques in his aorta 
were plainly evident and not at all to be confused vdtli the minor 
alterations which occur normally at pidjerty. Joslin’^ also cites the 
results of the roentgenologic studies made upon 324 of his diabetics 
by Morrison and Bogan. Roentgen ray evidence of artcriosclerosi.s 
was found in 30 per cent when diabetes began between the ages o 
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20 and 29 years and in 45 per cent when the onset was between 
30 and 39 years. Using the same method in nondiabetics, Bowen® 
noted an incidence of 0.5 per cent in these age periods. More 
recently Shepardson,^® also using the Roentgen ray, studied 50 dia- 
betics who were under 40 years of age and in whom the disease had 
been present for at least 5 years. The average age of the entire 
group was 23.4 years and 36 per cent showed evidence of vascular 
sclerosis. This high incidence of arteriosclerosis in the young 
diabetic indicates that the vascular lesion is an accompaniment of 
the diabetes gradually increasing in degree with the progress of the 
disease. Although this does not necessarily mean that the diabetes 
is the cause of the arteriosclerosis, the evidence is strongly against 
the conception that the diabetes is secondary to the vascular 
disease. 

Bowen studied the development of arteriosclerosis by means of 
the Roentgen ray over a period of 3 and 4 years in a group of 
diabetics who were properly treated and also a group in whom the 
disease was not well controlled. He describes a greater tendency 
toward increase in degree of arteriosclerosis in the poorly treated 
cases. Bowen concludes that the development of severe vascular 
disease requires several years of neglect of the diabetes. This may 
explain the relatively low incidence of severe vascular patliology 
in early life. In the young individual neglected diabetes is rarely 
of long duration, as there is usually an early fatal outcome. In 
the elderly the disease is typically mild and frequently symptomless, 
so that it may go on for a long period without proper treatment 
and thus lead to the development of extensive vascular disease. A 
high degree of vascular disease may be found in the young individual 
if he survives for a period of 10 years or more. This is illustrated 
in the following case, which has been reported in detail by Dr. Karl 
Ander.son.i^ A white male died at the age of 33 years of cardiac 
decompensation. Diabetes had been present for 14 years. At 
autopsy the heart weighed 440 gm. The descending branch of the 
left coronary artery showed marked sclerosis, the lumen being 
almost obliterated in places. The right coronary showed extensive 
thickening but was less involved and there was also a tlrrombus in 
this vessel. The pancreas appeared normal and the vessels did not 
show extensive sclerosis. The renal arteries were severely involved 
and the lumina markedly reduced. The abdominal aorta showed 
extensive intimal thickening with several ulcerated areas. Further 
evidence against the conception of the vascular pathology as the 
primary process is that in practically every instance in this series 
of autopsies tlie history of diabetes preceded the manifestations of 
the vascular disease by a variable period of time. Joslin,i® in 
discussing a group of 122 cases of angina pectoris associated with 
diabetes, states that the onset of the diabetes distinctly preceded 
that of the angina in lOG. 
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At the present time it does not seem justifiable to conclude that 
diabetes is the causative factor in the arteriosclerosis, as no mechan- 
ism for this process has been satisfactorily proved. However, there 
appears to be sufficient evidence that the vascular disease either 
occurs coincidental with or as a sequel to the diabetes. 

Conclusion. 1. An analysis of 100 autopsies upon diabetics 
shows an incidence of 41 per cent of severe coronary disease. Above 
the age of 50 years the incidence is 52.7 per cent as compared with 
8 per cent in an even larger series of nondiabetics of the same age. 

2. The frequency of coronary disease is almost as high in the 
female as the male. 

3. The incidence of hypertensive hypertrophy of the heart indi- 
cates that hypertension is only slightly more frequent in the diabetic 
than the nondiabetic. 

4. In diabetics with gangrene the incidence of coronary disease is 
higher than in the uncomplicated cases. 

5. The essential cardiac lesion of diabetes is coronary sclerosis. 
Other types of cardiac disease are of relatively rare occurrence. 

6. The etiologic relationship between diabetes and arteriosclerosis 
is discussed. 
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DIABETIC GANGEENE: INCIDENCE AND PATHOGENESIS: AN 
ANALYSIS OP 58 CASES AMONG 1008 DIABETICS.* 

By David W. Kramer, M.D., 

ASSOCIATE IN MEDICINE, JEFFERSON MEDICAL COLLEGE, JEFFERSON HOSPITAL, 

PHILADELPHIA, PA. 

(From the Medical Department of Jefferson Medical College and Diabetic Clinic 
Outpatient Department of Jeivish'Hospital.) 

The association of gangrene with diabetes was first mentioned 
by Marchal (de CalviB in 1852. Since then numerous contributions 
have appeared in the literature. That gangrene may develop in 
diabetics is a well-loiown fact. Various types of gangrene may be 
found in this group of individuals. The arteriosclerotic form is 
quite common; obliterative endarteritis is less commonly found; 
embolic gangrene and tlrromboangiitis obliterans are relatively 
rare. There has been considerable discussion as to the status of 
what has been termed diabetic gangrene. Is there a form of gangrene 
with sufiicient characteristics and clinical findings to warrant a 
diagnosis of diabetic gangrene thereby establishing its entity? 
Many authorities insist that one cannot definitely say upon exami- 
nation of a section of the involved artery whetlier it is or is not due 
to a diabetic condition. In other words, their contention is that 
die arterial lesions are so closely related witli the findings in arterio- 
sclerotic gangrene that they can make no distinction between them, 
concluding therefrom that in diabetes what some term diabetic 
gangrene is really arteriosclerotic gangrene, Buerger, ^ Beard,® and 
others have taken this attitude. Whether or not they are justified 
in discouraging the acceptance of diabetic gangrene as a separate 
form remains to be seen. 

On the other hand, McKittrick and Root,^ Warren,® and others 
have called attention to certain facts and clinical findings which are 
apt to exist in certain cases of gangrene in diabetics. These findings 
appear so regularly in this group of cases that even if the microscope 
does not establish a distinctive form, surely there may be enough 
evidence clinically to warrant a diagnosis of diabetic gangrene. 

The following description of what may be termed diabetic gan- 
grene is usually met with in this group of cases. Although occurring 
in the aged, it may make its appearance in the fiftli decade. Its 
onset is usually insidious. An unrecognized cellulitis or osteomyeli- 
tis of the smaller bones in the foot is frequently responsible for the 
gangrene. Pain need not be a prominent symptom and sometimes 
its absence is a striking phenomenon despite tiie extensiveness of the 
lesion. Infection, suppuration and sloughing are commonly present. 
IWien ulcers develop from the gangrenous processes of the soft 

* Read before the Southeast Branch of the Phffadelphia County Medical Society. 
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paits, they may show marked undermining of the edges and an 
extensive sloughing of the tissues that could not be appreciated 
by external examination alone. The arteries may not show the 
pathologic changes that one meets in arteriosclerotic gangrene. 
This holds true for some cases where despite extensive involvement 
of a gangrenous process, the dorsalis pedis artery may have a normal 
pulse and the roentgenographic examination may fail to reveal 
calcific deposits in the walls of the vessels. Thrombophlebitis is 
frequently found. The gangrene does not seem to conform to the 
dry form expected in arteriosclerotic type, rather, it is of the moist 
variety. Itmiay extend laterally and involve contiguous structures, 
whereas in arteriosclerotic gangrene there usually is mummification 
of a toe and if there is extension it is apt to be limited to an area 
supplied by the same vessel. 

For the sake of convenience the clinical facts which may aid in 
distinguishing between the two types of gangrene are presented 
in tabular form; 

Table 1. — Showing Points or Differential Diagnosis Between Diabetic and 



Sclerotic Gangrene. ^ 
Arteriosclerotic. 

Diabetic. 

Age 

Senile, usually in 7th de- 
cade 

May occur in 5th or Cth 
decade. 

Pain 

Usually severe even with 
small area of gangrene 

Varies: may be absent or 
mild in early stages. 

Infection 

Not present 

Nearly always present; 
may have considerable 
sloughing. 

Type of gangrene 

Dry 

May be dry. but more 
commonly moist. 

Line of demarcation 

Present 

Often absent. 

Extension 

Along lines of arterial 
supply 

May extend laterally as 
well. 

Pulse 

Absent or markedly di- 
minished 

May be present in some 
cases. 

Roentgen ray 

Calcification of walls of 
arteries 

Arteries may show no 
demonstrable pathol- 
ogy. 

Pathologic findings 

Thickening of the walls 
with calcific deposits 

Atheromatous changes 
with thrombosis; cal- 
cification may or may 
not be present. 

Microscopic appearance 
of vessels 

Medial form of sclerosis 

Intimal form of sclerosis. 


Incidence of Gangrene in iDiabetes. Any attempt to arrange 
statistical data concerning the frequency of gangrene in diabetes 
meets witli difficulties. The following points arise: First, die 
period over which the records were accumulated is important. One 
invariably finds a higher percentage of cases of gangrene in the 
recent years than preceding periods for obvious reasons. In the 
later periods, insulin has preserved more patients from tlie 
complications, tlie disease is generally being more efficiently handled 
and we are now more acutely aware of gangrene than ever before. 
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Second, tlie source of the records, whether from office practice, 
outpatient departments or from hospitals is to be considered. The 
data collected from patients in institutions will show a higher rate 
of incidence because as a rule those patients with complications and 
the severer forms of diabetes are more lilcely to seek hospital aid. 
A fairly large number of milder forms of diabetes will not or cannot 
go to the hospital. This will keep the number of cases of diabetes 
in hospitals at a lower level and will apparently result in a higher 
percentage of gangrene. This need not necessarily apply to all 
hospitals. I have in mind as an exception the New England Dea- 
coness Hospital where Joslin’s statistics have been gathered. 

The third difficulty is the question as to what constitutes a case 
of gangrene. One may see a patient with circulatory disturbances 
with discoloration of a toe or two, but the process does not eventually 
materialize into gangrene. On the other hand, a diabetic may have 
circulatory disturbances with marked symptoms and only one or two 
small spots of gangrene. There may be still a third group with 
definite evidences of deficient circulation but no apparent signs of 
destruction of tire tissues. 

With these facts in mind, the author suggests that all cases show- 
ing circulatory disturbances of the extremities be classified in three 
groups: 

Group 1. Gangrene. Diabetics who have unmistakable signs 
of gangrene. As a rule, the lower extremities are involved, either 
the toes, heel or soft parts of the legs. Other areas such as tlie lungs, 
buttocks, nose and genitalia may be involved, but they are com- 
paratively rare and have not been included in the author’s statistics. 
This group embraces the various forms of gangrene: the arterio- 
sclerotic, embolic, thromboangiitis obliterans and the so-called 
diabetic gangrene. 

Group 2. Impending or Threatened Gangrene. Where patients 
present not only signs of impaired circulation but also definite 
evidences of trophic disturbances, which have progressed to such a 
degree that they almost develop gangrene. The typical case is one 
in which there is a deep seated infection in the foot witli swelling 
and there is encroacliment upon the blood supply to the toes by 
pressure. Usually one finds a purplish discoloration of one or more 
toes, with coldness of the distal parts. There may be an ominous 
discoloration of the adjacent tissues. However, in time these signs 
subside and gangrene is averted. In this class may be included the 
trophic ulcers which in time may lead to gangrene. 

Group 3. Potential Gangrene. The third group is suggested 
for tliose diabetics who have symptoms or signs of deficient circula- 
tion. Evidences of an altered circulation may be recognized by the 
presence of lesions: red spots, scars, scarlike depressions and blebs 
or by the various metliods of studying the circulation, particularly 
the oscillometer, reaction of the skin to histamin inoculations and 
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Roentgen ray. The above lesions® and descriptions of these 
methods’’ of investigating the circulation have been described in 
previous publications. 

Analysis of Records. Analysis of 1008 cases of diabetes was made 
in an effort to see what can be learned in reference to circulatory 
disturbances as a complication in this disease. These records cover 
a period of 1 1 years : 1920 to 1930. The patients were studied chiefly 
in ofiice practice and the outpatient department. A small number 
were observed in institutions. 


Table 2. Showing Statistics op 1008 Cases of Diabetes Mellitus With 
Reference to Incidence op Gangbenb and Circulatory Distcbbances. 


Period. 

Total 

No. cases. Number of cases of gangrene. 


Percentage. 

1920-1930 

1008 Group I: Gangrene . 

58 

5.75 


Group II: Threatened 

28 

2.77 


Group III; Potential . 

89 

8.82 


Total eases irith circulatory disturbances 

176 

17.3 

(a) 1920-1925 

345 Group I: Gangrene . 

13 

3.8 


Group II: Threatened . 

7 

2.03 


Group III: Potential . 

24 

6.95 


Total cases ivith circulatory disturbances 

44 

12.75 

(6) 1926-1930 

663 Group I: Gangrene . 

45 

6.78 


Group II: Threatened . 

21 

3.16 


Group III: Potential . 

65 

9.80 


Total cases with circulatory disturbances 

131 

19.75 


A glance at the above table shows that 58 cases of gangrene were 
observed in the entire series of 1008 cases of diabetes, giving a per- 
centage of 5.75. If the threatened cases are included with those 
of actual gangrene, the percentage would be increased to 8.53 and 
if all the 3 groups are taken collectively, the incidence of circulatory 
disturbances in diabetics would rise to 17.3 per cent, or practically 
1 patient out of every 6 has evidences of circulatory disturbances 
and 1 out of every 17 to 18 diabetics has developed gangrene. This 
is based on the group from 1920 to 1930. The incidence of the 
various groups of complications is somewhat higher if we confine 
ourselves to the recent 5-year-period from 1926 to 1930. It is 
plausible to assume that this percentage indicates more accurately 
the tendency for the development of complications. During this 
6-year-period, 663 cases were observed; 45 patients developed 
gangrene (6.78 per cent); there were 21 cases of impending gangrene 
(3.16 per cent) and 65 cases of what we may term potential gangrene 
(9.80 per cent). Collectively, there were 131 patients out of 663 
who showed ewdences of impaired circulation, wdth and without 
gangrene. In otlier words, 1 out of every 5 patients showed some 
evidence of arterial disease. 

It may be of interest to compare the author’s figures with those 
reported by others. This has been arranged in Tabic 3. 
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Table 3.— Showing the Compahative Statistics of Gangbene as a 
Complication in Diabetes. 


Reported by. 

Hospital. 

Period. 

Total 

diabetics. 

Gan- 

grene. 

Per- 

centage. 

Blotner and Fitz 

Peter Bent Brigham 

1013-1925 

969 

69 

7.0 

McKittriok and Root 

Hospital, Boston 

New England Deacon- 

1923-192S 

4066 

163 

4.08 

Wendt and Peek 

ess Hospital 

Grace Hospital and 

1919-1029 

1073 

113 

10.7 

Futclicr 

office, Detroit 

Johns Hopkins Hospital 

1889-1925 

1026 

49 

4.5 

Coller and Marali 

University Hospital, 

1921-1925 

650 

20 

3.2 

Lcniann 

Michigan 

New Orleans Hospital 

1921-192G 

471 

25 

5.3 

Panllin (quoted by 

and office 

Georgia 

1921-1926 

660 

15 

2.65 

Lemann 

Charity Hospital, New 
Orleans 

Touro Infirmary, New 

1921-1926 

439 

79 

18.0 

Lcmann® 

1921-1926 

201 

20 

10.0 

Orleans 

Boston City Hospital 

1921-1926 

967 

109 

11.2 


Mass. General Hospital 

1921-1926 

600 

58 

9.0 


Montreal General Hos- 

1921-1926 

1016 

36 

3.5 

pital 

Mean average 

Total diabetics; 

12037 

756 

6.28 

Author's 

Office and Outpatient 

1920-1930 

1008 

58 

5.75 


Pathologic Anatomy of Diabetic Gangrene. The appearance of the 
extremity varies according to the type of gangrene. In the embolic 
form, the leg is swollen, moist, extensive involvement, with large 
bleb formation and a foul odor. The gangrene of thromboangiitis 
obliterans is a slowly developing one with trophic disturbances, 
intense pain, often associated with recurring thrombophlebitis, 
occurs earlier in life than the other forms. The veins as well as the 
arteries are involved. There is extensive occlusion of the vessels, 
with distinct evidences of inflammation. Adliesions between the 
vessels and the accompanying nerves are often found. The throm- 
bus in the lumen may show organization and canalization. Sporadic 
cases occur in diabetes but they are relatively rare and it is ques- 
tionable whether the diabetes has any influence upon the production 
of the gangrene. Judging from the rarity of this combination, when 
it does occur, the probabilities are that the diabetes developed after 
the thromboangiitis. 

Arteriosclerotic gangrene is easily recognized by the dry 
mummification of the tissues. There is a sharp line of demarcation. 
There may be considerable pain especially when there is ulcer forma- 
tion. Evidences of arteriosclerosis are present. It usually occurs 
in the seventh decade or in older individuals. The extension of the 
gangrene is slow. Infection may or may not exist. If infection is 
superimposed upon the dry gangrene, extension of the gangrenous 
process may take place rapidly. 

DiABEnc gangrene, as mentioned above, has certain character- 
istics which may be briefly summarized, even at the risk of repeti- 
tion. Its frequent association with or relation to infection; its 
occurrence in the fifth or sixth as well as the later decades; the 
tendency to involve soft parts; the moist type of gangrene; absence 
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of a line of demarcation; absence of evidences of arteriosclerosis 
such as the persistence of the dorsalis pulse and negative Roentgen 
ray findings; the tendency to extensive sloughing and the likelihood 
of recovery without amputation. The arteries macroscopically 
may be rigid apd the lumen may be occluded. The walls of the 
vessels are thickened. The occlusion of the lumen may be due to pro- 
liferation of cells from the intima, atheromatous plaques and calcific 
material or it may be the result of a secondary thrombosis. Micro- 
scopically, Warren® emphasizes atheromatous changes of the vessels, 
particularly of the intimal type. This type can be recognized by 
“local thickening and hyalin change of the intima with lipoid infil- 
tration, the presence of cholesterol crystals or the presence of calci- 
fied deposits. These changes are practically always accompanied 
by fraying or reduplication of the internal elastic lamina.” 

The above may and may not be associated with calcific changes 
of the vessels because gangrene usually appears in diabetes in the 
decades when arteriosclerosis is likely to develop. 

Another observation by Warren^® is of interest. He noticed that 
many of the arteries showed “an infiltration, frequently intimal, 
with polymorphonuclear or more rarely mononuclear leukocytes.” 

The veins as a rule exhibit no striking pathologic changes. There 
may be some thickening of the larger veins and some cellular infil- 
tration but nothing that can be attributed to diabetes. They 
receive only the slightest comment in the various contributions on 
diabetic gangrene. In his studies on impending gangrene, Bern- 
heim^i emphasizes the prominence and bulging out of the veins 
when standing. Others have mentioned thrombophlebitis. Coder 
and Marsh^® mention varicose veins in tliose diabetics with intract- 
able leg ulcers, but were rarely involved in the group with gangrene. 
In our series of observations, thrombophlebitis was by no means 
uncommon. However, the presence of thrombophlebitis may be 
merely ineidental and has no influence upon the development of 
the complications. 

Mechanism of Diabetic Gangrene. There are tliree forces which 
are at work producing this condition: (1) Diabetes; (2) changes in 
tlie arterial system, and (3) infection. Much has been written about 
tlie role of diabetes in the production of atheromatosis and arterio- 
sclerosis. The hyperglycemia, the increase in lipoids, the hyper- 
cholesterolemia, tlie acidosis, all seem to have some influence, par- 
ticularly upon the intima, resulting in various pathologic clianges. 
These in turn may develop into a full blown picture of athero- 
sclerosis. Add to this tlie usual tendency for tlie appearance of 
calcific changes in tlie vessels and we have briefly a picture of what 
takes place in the arteries of a diabetic past middle life. The con- 
sensus of opinion suggests that a period of 5 j^ears of the diabetic 
condition is usually found in these cases. However, there are excep- 
tions to this rule. 


kraimer: diabetic gangrene 


509 


In time there is a gradual encroachment upon the lumen of the 
vessels. This may be due to a thickening of the walls or may be the 
result of thrombus formation. However, regardless' of the under- 
lying cause, tlie result is the same and that is a definite impairment 
of the blood supply to the parts. This deficiency of circulation 
results in trophic disturbances and lowers tlie resistance of the tissue 
to infection. The disturbance of blood supply will depend upon 
the rapidity with which these pathologic (dianges take place. If 
their development is slow, requiring a period of months before occlu- 
sion takes place, nature makes up for this deficiency by the estab- 
lishment of a collateral circulation. In some cases the extent of 
this collateral blood supply is very striking. In his contribution 
on the collateral circulation of the extremities, Bernlieimi® has 
noticed that extensive occlusion of the main branches may be com- 
pensated for by the development of a collateral circulation from 
small insignificant branches. 

The patient may be fortunate in having established a collateral 
circulation which may practically compensate for the lack of blood 
supply. Complications may be warded off indefinitely, provided 
this even lialance is maintained. These individuals are always 
potential cases of gangrene. Any added strain upon the circulation, 
progression of the disease, or infection however slight may alter the 
lialance and gangrene sets in. Sometimes this complication makes its 
appearance despite all precautions and care. 

Infection is an important factor in the development of gangrene. 
It is almost invariably present in the so-called diabetic gangrene 
and may be responsible for its development. Sometimes the infec- 
tion gains entrance through insignificant crevices of a callus or a 
break in the skin from minor cuts or abrasions such as the trimming 
of a corn, cutting toe nails or irritation of the skin from ill-fitting 
shoes. The lowered resistance of the tissues and the deficient blood 
supply practically invite an infection and when entrance is once 
gained, extension of the process is a simple matter. In some patients 
the infection seems to develop from within. Attention has been 
called to the fact that an osteomyelitis of the metatarsals may exist 
without any external signs. It can only be detected by careful 
examination of the feet. The above facts are emphasized because 
they may be forerunners of a developing gangrene of the involved 
area and may shut off the blood supply to the toes by the pressure 
of the induration upon the already weakened arteries. This evi- 
dently is the clinical picture seen in those patients with impending 
gangrene who have deep-seated infections of the feet with discolored 
toes bordering on gangrene. The outcome depends upon the man- 
agement of tlie case. IVith skillful handling, the infection may be 
controlled, and gangrene may be avoided in some cases. 

Analysis of the Group With Gangrene. The statistics of the dia- 
betics who developed gangrene are arranged in Table 4. From this 
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table one can learn some information as to the age, duration of the 
diabetes, and the end results, when obtainable. 

Age. All but 2 developed gangrene when tliey were past 50 years. 
The largest numbers occurred in the sixth and seventh decades. 
This finding is rather general when compared with statistics of 
others. Joslin“ reported that the average age at whicli gangrene 
developed in his series was 62 years; the youngest at 36 and the 
oldest at 82 years. The studies of Blotner and Fitz/^ and Eliason 
and. Wright* ® were similar to the above. While there may be some 
variation in the percentages of the sixth and seventh decades, the 
final analysis shows that the vast majority of cases complicated 
with gangrene occurs in those past 50 years. 

Sex. In the author’s series of gangrene, there were 37 females 
and 21 males. These figures differ from those of others. Blotner 
and Fitz in their series noticed that there were 38 males and 31 
females. Similarly, Eliason and Wright mentioned 33 males and 
32 females in their group. It is very doubtful whether any influence 
of sex can be attached to the development of gangrene. 


Table 4. — Showing Age, Sex, Dokation of Diabetes and Result of the 58 

Cases op Gangrene. 


Age. 


^ 1 

Sex. 

1 Years of duratiOD of diabetes. 

Result. 

Decades. ! 

1 

1 No. 

[ j 

M. 

F. 1 1-2 

1 

1 

B 

5-9 

B 

B 

Mj 


40 to 49 . 

2 

2 

0 


0 

2 

1 0 

1 

1 0 

2 

2 

50 to 59 . 

20 

7 

13 

1 ® ■ 

4 

6 

3 

1 4 

3 

6 

60 to 69 . 

32 

12 

20 

1 7 

6 

6 

7 

i 6 

10 

4 

70 to 79 . 

3 

0 

3 

i 0 

1 

1 

1 

i ° 

0 

1 

80 . . 

1 ! 

0 

1 i 

’ 0 

0 ! 

1 0 1 
1 ; 

0 


0 

1 

Total . 1 

1 

58 

1 i 

' 37 , 

1 1 

10 j 

11 

' i 

' ! 

1 

IS 

14 


Duration of Diabetes. A 5-year-period of diabetes is usually 
noticed in those diabetics who show evidences of arterial changes. 
This observation has been confirmed by many. One must remember 
that this applies to changes in the vessels and is particularly appli- 
cable to the young. 

Lest a false impression be made, it is worth mentioning the fact 
that gangrene may develop at any time in an aged diabetic. Arterio- 
sclerosis may have already developed before diabetes comes on the 
scene. The surmise that this individual has an immunity against 
complications for 5 years is decidedly erroneous. There is no reason 
whatever why this diabetic may not develop gangrene at any titna 
Joslin,** in his group of gangrene cases, noticed tliat 38 occurred 
in those who had diabetes between 1 and 4 years. In the author s 
series, there Avere 10 cases with a history of diabetes between 1 and 









KRAMER: DIABETIC GANGRENE 511 

2 years’ duration; 11 cases between 3 and 4 years; 15 cases between 
5 and 9 years and 22 cases of gangrene occurred in individuals who 
had diabetes for 10 to 20 years. Twenty-one cases of gangrene 
developed in those who had diabetes less tiian the allotted 5-year- 
period, a percentage of 36.2, Of this group, 13 of the cases were in 
the seventh decade. 

Eesults of Gangrene in Diabetics. Gangrene is now recognized 
as an important factor in the contributory cases of death in diabetes. 
McKittrick and Eoot^® mention gangrene as a contributory cause 
in 24.2 per cent of the diabetic deaths. Morrison’s^® figures were 
23 per cent; Rabinowitch^® reported 39.1 per cent; Dublin,®^ in a 
statistical analysis of 3386 deaths from diabetes in 1929 to 1930, 
mentions the influence of gangrene in 23 per cent of the deaths. In 
our series of 58 cases of gangrene, 15 died either following operation 
or where no surgery was attempted, a percentage of 26. 

Amputation. In Wendt and Peck’s®® series of gangrene, 25 per 
cent resulted in amputation. In Joslin’s clinic, McKittrick and 
Root®® reported 157 operations upon 138 diabetics for lesions of the 
lower extremities, from January, 1923, to December, 1928. In this 
group there were 80 amputations for'gangrene, 72 major and 8 minor 
operations. 

The author’s studies showed that 16 cases out of 58 resulted in 
amputation of the leg (27 per cent). 

Prognosis. The prognosis of the diabetic with gangrene may jie 
considered from two standpoints, the immediate and the remote. 
The immediate prognosis depends upon the type and degree of the 
gangrene, plus the added risks of surgical procedure, if this form 
of treatment is decided upon. Some cases of gangrene develop 
quickly. Others have a less conspicuous beginning and for a long 
time may have no serious effects upon the general condition of the 
patient. This applies particularly to focal gangrene and the arterio- 
sclerotie types with involvement of a single toe. Regardless of the 
benignity of a focal area of gangrene, every case should be looked 
upon as a serious one. They are always uncertain quantities until 
healing definitely takes place. They are always susceptible to added 
infection and when infection sets in, the problem is a grave one. 
Toxemia is the next development and is an important factor upon the 
ultimate outcome of the case. 

Conservative treatment is advisable in the early stages of gan- 
grene. Absolute control of the diabetic condition and local care of 
the involved part with measures directed toward the improvement 
of the circulation may control the gangrene. In some cases, par- 
ticularly the so-called diabetic gangrene ivith involvement of the 
soft parts, the result may be extremely favorable. An occasional 
case may be cured. This form of treatment requires unlimited 
patience on tlie part of the physician; the recovery is a gradual and 
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long drawn-out process, often taxing the patience of the physician. 
However, when infection appears and begins to spread upward and 
general symptoms in the form of toxemia are manifested, it is time 
to act. A short period of observation may be in order to see whether 
or not the infection is merely a threat and can be controlled. If 
the toxemia persists and shows a tendency to progress, radical 
measures seem to be the only course to pursue. It is inadvisable 
to prolong the period of observation after the infection has spread 
beyond the foot and involves the leg, with general symptoms such 
as fever, sweats, weakness and rapid pulse. There is danger of 
damaging the myocardium to such a degree as to put it beyond 
repair after amputation has been performed. 

The group of gangrene with amputation presents an unusual 
status when considering prognosis. In the past few years, thanks 
to insulin and proper medical care, hazards of surgery upon the 
diabetic have been eliminated. This pertains to major surgery as 
well as minor procedures. However, this does not apply to the 
group of amputations in diabetics. The mortality rate in this series 
is comparatively high. In the series of 69 cases of gangrene reported 
by Blotner and Fitz, 16 died* while in the hospital. Of the 53 
patients who were discharged, 42 were followed up and 5 died within 
IJ years after tliey left die hospital, making a total of 21 deaths 
(30,5 per cent). In McKittrick and Root’s studies, there were 14 
deaths in the group of 80 gangrenes, giving an average of 17.5 per 
cent. However, this applies to the period of their stay in the hospi- 
tal. In the author’s series of 58 cases of gangrene, there were 15 
deaths, giving a percentage of 26. 

The causes of death in most of the above mentioned group of cases 
were septicemia and bronchopneumonia. Other causes wortli 
mentioning are coronary artery disease and embolism. 

The remote prognosis of the diabetic with amputation is by no 
means favorable. The forces which w^ere responsible for the develop- 
ment of gangrene are still present. True, he may have learned his 
lesson and will be more careful in the future. Unfortunately the 
damage to the vessels cannot be undone. The liability of a recur- 
rence is forever present and the necessity for double amputation is 
by no means rare. 

The duration of life after operation in these diabetics is not so 
easily determined. Joslin in a recent address mentioned a period 
of 2 years as the average span of life after amputation for gangrene. 
No doubt, one will meet with patients who have lived longer than 
this term of years. One patient in the author’s series lived for .5 
years, anotlier 3 years. However, wdien one realizes that nearly 
everj'^ diabetic with gangrene fundamentally has arterial disease 
and tliat .these patliologic changes are general, invohdng the coronary 
arteries as well, with toxic phenomena affecting tlic various vital 
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structures added to the usual effects of the diabetic condition, is it 
any wonder that the outlook is a cheerless one? 

Summary and Conclusions. Various tj^ies of gangrene may occur 
among diabetics. The arteriosclerotic type and the so-called 
diabetic gangrene are the most common. Thromboangiitis obliter- 
ans and embolic gangrene are less commonly seen. 

The advisability of recognizing diabetic gangrene as a definite 
form is discussed. The fact that a certain number of cases with 
gangrene present clinical features and pathologic changes in the 
vessels, plus the fact that it may be of the moist variety, lend support 
in deciding that we are dealing with a form other than the well 
accepted arteriosclerotic type of gangrene. 

In order to obtain more definite information concerning the fre- 
quency of gangrene and tlie influence of diabetes upon the vessels 
the various degrees of circulatory deficiency should be evaluated. 
They may be graded as potential cases of gangrene, impending and 
actual gangrene, according to the extent of the occlusion. 

Analysis of 1008 cases of diabetes mellitus, observed during a 
period betv'een 1920 and 1930, shows that there were 58 cases of 
existing gangrene (5.75 per cent); 28 cases of threatened or impend- 
ing gangrene and 89 cases of potential gangrene. Collectively, 
the three groups totaled 175 cases (17.3 per cent) of circulatory dis- 
turbances found. In other words, 1 out of every 17 to 18 diabetics 
developed gangrene and 1 out of every 6 showed evidences of 
impaired circulation. If the more recent 5-year-period (1926 to 
1930) is considered, the incidence is higher: 6.78 per cent developed 
gangrene and 19.75 per cent had deficient circulation in the extremi- 
ties. 

The author’s figures compare closely with the average statistics 
of others. Out of 12,037 patients with diabetes, there were 756 
cases of gangrene (a percentage of 6.28). 

Diabetic gangrene is the end product of three main influences: 
the metabolic disturbances and tlreir effect upon the vessels and the 
tissues, changes in the arteries with the resulting deficient blood 
supply to tlie parts, and infection. 

Of the group of patients with gangrene, all but 2 developed this 
complication when past 50. Gangrene may develop at any time in 
the aged diabetic. There were 10 cases of gangrene among those 
who had diabetes between 1 and 2 years, and 11 cases between 3 and 
4 years. 

Of the 58 cases of gangrene, 16 resulted in amputations (27 per 
cent). 

The prognosis for tlie diabetic with gangrene is uncertain. There 
were 15 deaths in the author’s series (26 per cent). This included 
botli the surgical cases and those patients who declined operations, 
filie future of tlie diabetic who has once had gangrene is fraught 
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witli. danger. He is always liable to a recurrence of the complica- 
tion. The average span of life for those who have had gangrene 
with amputation of the extremity is considered to be about 2 years. 

To lower the incidence of gangrene in the diabetic and to increase 
his span of life, one must have cognizance of the high incidence of 
circulatory disturbances in tliese patients. Early recognition of 
arterial changes and an intelligent attempt to correct and improve 
the circulation may ward off complications until a sufficient collateral 
circulation has been established to make up for tlie deficient blood 
supply to the parts. 
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THE EFFECT OF LUGOL'S SOLUTION ON CHRONIC LYMPHATIC 
LEUKEMIA AND ITS BEARING UPON THE PATHOGENESIS 
OF EXOPHTHALMIC GOITER. 
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The Basal Metabolism in Disease. Other than exophthalmic 
goiter, the basal metabolic rate is significantly elevated in various 
clinical conditions, such as the leukemias, polycythemia vera and 
the nonleukemic lymphoblastomata (Kraus,^ Boothby and Sandi- 
ford,^ Hiddle and Sturgis,^ Krantz and Hiddle,'^ Abbott,® Isaacs,® 
Krantz^). Although there is considerable variability in the litera- 
ture, the consensus of opinion is that there may be a significant 
increase in oxygen consumption in certain patients with pernicious 
anemia, essential hypertension, acromegaly and diabetes mellitus 
(Meyer and DuBois,® Boothby and Sandiford,^ Strauss,® Riesman,^® 
Mannaberg,^^ Boas and Shapiro,^® Cushing and Davidoff,^® Joslin 
and Lahey^^). 

The increased basal metabolic rate in exophthalmic goiter has 
been variously attributed either to an excess (Mobius^®) or an abnor- 
mality (Mayo and Plummer,^® Williamson and Pearse^'^) of thyroid 
secretion. Other glands of internal secretion, such as the adrenals 
and gonads have been considered by .some as responsible for the 
clinical syndrome, and various portions of the central and sympa- 
thetic nervous systems have received similar attention. 

There is just as little agreement, and possibly a group of more 
intangible hypotheses, concerning the nature and mechanism of the 
elevated oxygen consumption in the leukemias. 

Although early investigators (Graefe^®) suggested the relative 
importance of immature leukocytes in the maintenance of an in- 
creased basal metabolic rate in leukemia, subsequent clinical experi- 
ence (Murphy, Means and Aub,^® Krantz,'^ Riddle and Sturgis,® 
Krantz and Riddle,^ McAlpin and Sanger,®® (iunderson®0 has demon- 
strated that there does not seem to be an invariable relationship 
between the total white blood cell count, state of maturity of leuko- 
cytes and the height of the basal metabolic rate. Although these 
factors sometimes vary simultaneously in the same direction, the 
assoeiation is certainly not a constant one. 

The suggestions concerning the mechanism of the elevated basd 
metabolic rate in acromegaly, diabetes mellitus, essential hyper- 
tension, pernicious anemia and the nonleukemic lymphoblastomata 
seem to be based mostly upon speculation. However, Isaacs® has 
demonstrated in polycythemia vera that there is a definite relation- 
ship between the height of the basal metabolic rate and the uric 
acid production due to the destruction of nuclear material. 
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Finally, it seems of importance to note that the basal metabolic 
rate is not invariably elevated above normal even in exophthalmic 
goiter and the chronic leukemias; and it is also of interest that 
Kessel and Hyman, -^ Friedgood^^ and others have reported a clinical 
syndrome (autonomic imbalance, sympathotonia, formes frustes 
hyperthyroidism) indistinguishable from exophthalmic goiter with 
the exception of a normal basal metabolic rate. 

It is obvious, therefore, that although considerable investigation 
has been directed toward the discovery of the cause or causes respon- 
sible for the increased oxygen consumption in these diverse maladies, 
the entire problem has successfully resisted a satisfactory solution. 

Nature of .the Present Investigation. The remarkable effect of 
Lugol’s solution on the elevated basal metabolic rate, pulse rate 
and clinical symptoms of exophthalmic goiter naturally suggested 
investigation of its activity on similarly increased oxygen consump- 
tion in conditions other than Graves’ syndrome. The present series 
of observations, therefore, were made in the belief that under prop- 
erly controlled conditions, valuable information could be ascertained 
concerning the mechanism involved in the production and mainte- 
nance of the elevated basal metabolic rate not only in Graves’ 
syndrome, but also in the other diseases characterized by this 
phenomenon. It was also hoped that further investigation would 
result in a clearer conception of the pathogenesis of exophthalmic 
goiter and the nature and significance of the iodin reaction. 

Lugol's Solution in Graves’ Syndrome. The effect of iodin in 
exophthalmic goiter is well defined and widely recognized. It is of 
interest, however, to emphasize several of the more significant 
characteristics of the iodin reaction. 

Lugol’s solution will depress the elevated basal metabolic rate 
and tachycardia, and ameliorate the peculiar nervous manifestations 
of the disease in favorable cases of exophthalmic goiter. 

However, iodin does not always induce such a remission, nor does 
it materially influence the progress of the disease itself, except that 
it may temporarily alter the character and intensity of the symp- 
toms (Means and Richardson,*^ Barker*^) . 

Finally, there is evidence to believe that the characteristic response 
to iodin is dependent upon the geographic area in which the case 
originates (Coller and Potter*®) ; and that the higher the basal metab- 
olic rate before administration of iodin, the greater is the expected 
percentage drop in the rate following treatment. It is also true, 
conversely, that the decrease from the original basal rate is relatively 
small, if the initial rate was only moderately increased (Means and 
Richardson,*^ Coller and Potter*®). 

Effect of Iodin in Experimental Hyperthyroidism and on Normal 
Human and Animal Controls. These clinical observations assume 
even greater significance when it is emphasized that iodm has no 
effect whatsoever in altering the clinical symptoms, increased 
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basal metabolism and pulse rate induced by the ingestion of thyroid 
extract in man, and that it does not accelerate recovery from the 
true state of hyperthyroidism thus produced (Carson and Dock,^^ 
Sturgis/® Means and Richardson/^ Starr, Walcott, Segall and 
Meanses). Martin/° Read, Walker and McICenney,®^ Snell, Ford 
and Rovmtree,®® and Liebesney®® conclude that iodin has no appreci- 
able effect in normal human beings, and Liebesney®® suggests that 
it may even be associated with a tendency to increase the basal 
metabolic rate. 

Sturgis, Zubiran, Wells and Badger®^ and Kunde®® have definitely 
demonstrated that iodin is ineffective in influencing or preventing 
experimental hyperthyroidism in animals, contrary to the experi- 
ments of HildebrandC® and Blalock and Harrison.®^ 

Lugol’s Solution in Morbid Conditions Other Than Exophthalmic 
Goiter. Martin®® has recorded his investigations concerning 2 cases 
each of “small cell” lymphatic leukemia and polycythemia vera 
which he treated with 5 drops of Lugol’s solution 3 times a day. 
These patients failed to show any change in basal metabolism. 
However, 4 patients with pernicious anemia and 2 cases of afebrile 
convalescent rheumatic fever showed a definite depression in their 
basal metabolic rates by the 14th day of treatment. 

Cushing and Davidoff'® have reported a single case of acromegaly 
(hyperpituitarism) which they considered free of “hyperthyroidism,” 
and in which the basal metabolism and pulse rate rapidly decreased 
following treatment with Lugol’s solution just as occurs in exoph- 
thalmic goiter; however, they concluded that the elevation of the 
metabolic rate (-f 40 per cent) “might be properly ascribed to the 
hyperpituitarism . ’ ’ 

Additional experience in this clinic®® (data unpublished as yet) 
shows that iodin had a definite effect in decreasing the basal metab- 
olic and pulse rates in one case each of polycythemia vera and 
acromegaly. Its effect in cirronic myelogenous leukemia is question- 
able. 

Clinical Methods and Procedure. Ten patients with chronic lymph- 
atic leukemia -were treated with Lugol’s solution (usually 1 cc. 2 or 
3 times daily) over a period of several weeks, when the clinical 
condition of the patient allowed this interval of study. This pro- 
cedure was not adopted in those patients suffering from severe 
anemia and in immediate need of transfusions. 

Determinations of the basal metabolic rate, basal pulse rate, 
basal weight and blood studies were carried out during this period 
of study. The basal metabolisms were determined in the routine 
manner with the closed-circuit Roth-Benedict apparatus. 

All of the patients who eventually showed a significant response 
to Lugol’s solution were ambulatory, and in most cases attending 
the_ medical out-patient department. Nevertheless, the control 
period, even in these cases, extended over several days to 2 weeks. 
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These precautions were necessarily taken because of the widely 
recognized fall in basal oxygen consumption following general 
hospitalization and subsequent mental as well as physical relaxa- 



Chabt I . — Patient No. 1. Changes in basal metabolism, pulse rate and leukocytes 
during treatment, a. Started Lugol’s solution, gtts. xv b.i.d.; h, Lugol's solution 
increased to gtts. xv t.i.d.; c, Lugol’s solution temporarily discontinued; d, Vincent’s 
an^na "with temperature of 102° F. Possibly an exacerbation of leukemic process; 
e, Roentgen ray treatment over inguinal lymph nodes. White blood cell count taken 
before treatment;/, Lugol’s solution resumed, gtts. xv b.i.d.; g, persistent bradycardia 
associated with increased basal metabolic rate. 



Basal metabolism — o — Basal pulse rate o 

White blood cells o 

Chart II . — Patient No. 2. a, started Lugol’s solution, gtts. xv b.i.d.; 6, basal 
metabolism determined 35 minutes after 0.060 gm. codein phosphate {h ) ; c, transfu^d 
with 500 cc. citrated blood; d, persistent slow pulse associated with an increasing 
basal metabolic rate; c, Lugol's solution discontinued. 


tion during the test period. Any changes, therefore, that occurred 
in basal metabolism, pulse rate or white blood cell count could not 
properly be attributed to prolonged hospitalization or bed rest. 
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Following the control period, the basal metabolism was deter- 
mined every other day, starting on the third to the fifth day of 
treatment, and if a depression occurred, Avas followed, if possible, 
until it had definitely ceased to exhibit changes of any significance. 
The Avhite blood cell counts were studied simultaneously. 

Several of the patients had received Roentgen ray therapy from 
1 to several months prior to treatment with Lugol’s solution, and 
this fact is noted in conjunction with each case report. 

Clinical Data. The charts and clinical notes which follow are 
concerned with the case histories and physical findings of 10 patients 
suffering from chronic lymphatic leukemia. The salient points in 
their clinical course prior to and after treatment Avith Lugol’s 
solution are indicated schematically in Tables 1 to 5. The complete 
clinical data are presented graphically in Charts I and II, and are 
necessarily limited to a consideration of only 2 patients in order 
to omit superfluous detail and repetition. 


Table 1. — Summary of Clinical Histories in 10 Patients with Chronic 

Lytiiphatic Leukemia. 


Number of 


Clinical symptoms. patients. 

Aathenia 10 

Ease of fatigue 8 

Unusual nervousness 8 

Abnormal irritability 8 

Good appetite 5 

Night sweats 5 

Cough with expectoration 5 

Dyspnea on exertion 5 

Marked loss of weight 4 

Bleeding gums 4 

Precordial palpitation 4 

Slight loss of weight 3 

Abnormal increase of perspiration 3 

Subjective increase of warmth 2 

Abnormal increase of appetite 2 

Diarrhea 2 

Epistaxis 2 

. No loss of weight 2 

Pleurisy 2 

Moderate loss of weight 1 

Appearance of diffuse skin pigmentation 1 

Anorexia 1 


Clinical Results. Nature of the Symytomatio Remission. The 
laAvs AAdiich apparently govern the response of exophthalmic goiter 
to iodin seem to apply, Avith remarkable similarity, to chronic 
lymphatic leukemia. However, the percentage frequency of this 
response in leukemia is smaller than that noted in Graves’ syndrome. 

Investigation of this series of 10 consecutRe patients with chronic 
lymphatic leukemia revealed the fact that each one experienced a 
symptomatic remission within 24 hours to 10 days after the initial 
treatment with iodin was instituted. In 2 of these instances, it 
was only of relatRely brief duration (about 2 weeks) . 
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Table 2.— Summary or Physical Signs in the 10 Patients.' 


™ . Number of 

Phyemal signs. patients. 

General glandular enlargement j_0 

Splenomegaly 10 

Pallor of skin and mucous membranes 6 

Definite malnutrition 4 

Bilateral exophthalmos uith relatively greater prominence of the right 

eye 3 

Dalrymple’s eye sign positive 3 

Bleeding gums 3 

Unilateral prominence (exophthalmos) of right eye 2 

von Graefe’s eye sign positive 2 

Kocher’s eye sign positive 2 

Leukemic retinitis 2 

Conjunctiva visible belo-w cornea with axis of vision in horizontal direc- 
tion 2 

Enlargement of submaxillary glands 2 

Bilateral exophthalmos 1 

Hepatomegaly 1 

Diffuse brownish skin pigmentation 1 

Purpura over lower extremities 1 

Chronic myocardial insufficiency with normal blood pressure ... 1 


Table 3. — Data in the 10 Patients Before Treatment with Luool’s Solution. 


! 

Number, j 

Sex, 

\ 

Me- 

Duration of 
illnees. 

Previous 
Roentgen ray 
therapy. 

Original 
metabolic rate 
(per cent). 

Original 
pulse rate 
per minute. 

1 

Male 1 

42 

1 year 

None 

+29 

82 

2 

Male 

^3 

6 years 

None 

+54 

88 

3 

Male 

43 

6j years 

+* 

+66 

88 

4 

Female 

45 

1-^ years 

+ -J- 

+26 

91 

5 

Male 

48 

8 months 

None 

+60 

, 75 

6 

Male 

62 

2j years 


+31 

78 

7 

Male 

65 

8 months 

None 

+41 

80 

8 

Male 

67 

3 years 

j + + -!' + 

+29 

88 

9 

Male 

57 

1 year 

! None 

+33 

70 

10 1 

1 

Male 

66 

6 months 

None 

+47 

80 


* -t- to -J- -k -f -1- indicates extent of previous Roentgen ray therapy. 


The earliest specific activity of iodin in chronic lymphatic leuke- 
mia was found to be a beneficial effect upon the asthenia and ease 
of fatigue, and a definite decrease in the state of nervousness and 
irritability. 

The signs and symptoms (profuse sweating, hot flushed skin, 
tachycardia, nervousness, tremor) which are generally attributed 
to the inereased basal metabolic rate in exophtlialmic goiter, are 
either absent or only slight in patients with leukemia and a simi- 
larly elevated basal metabolic rate (Murphy. Means and Aub'®)- 
Minot and Means’® however, are inclined to believe that the simi- 
larity in symptoms manifested by both diseases is much roore strik- 
ing. Our own experience, with the present series of patients {vide 
supra), leads us to suspect that the signs and symptoms of chronic 
lymphatic leukemia are strikingly similar in ptality to those noted 
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in exophthalmic goiter, and differ only in a quaniiiative manner, 
usually being much less intense even in the presence of an equally 
elevated basal metabolic rate. 


Table 4 .— Hematologic Data in the 10 Patients. 


Num- 

ber. 

Hemo- 
globin 
in per cent 
(Sahli). 

Red blood 
cells in 
millions 
per c.mm. 

White blood 
cells in thous- 
ands per 
c.mm. 

Per cent 
lympho- 
cytes. 

Per cent j 

^°n^lcar'°*i lymphocytes, 

neutrophils, j 

1 

89 

1 

4.90 

88.9 

93 

i 5 1 Large young cells. No 

i lymphoblasts. 

2 

40 

2.01 

102.4 

S9 

i 

9 ! Young cells with very 

■ large nucleus. No 
lymphoblasts. 

3 

30 

2.00 

13.5 

i 

59 

34* Primitive cells with blue 

cytoplasm; but no true 
lymphoblasts. 

4 

70 

4. 58 

1 80.4 

1 

90 

2 Large young cells. No 

‘ lymphoblasts. 

5 

35 

2.18 

i 44.8 

{ 

1 

1 

j 

89 

8 i Atypical lymphocytes. 

, ; Nucleus irregular in 

1 outline and quite large, 
i almost filling cell. 

6 

83 

4.27 

1 118.0 

j 90 

0 , Primitive cells with large 

{ nuclei and bluish cyto- 
1 plasm. No lympho- 
blasts. 

7 

04 

4.10 

i 

1 

i 30.0 

83 

10 : Fragile lymphocytes, 

' some with large nuclei 

1 and bluish cytoplasm; 

: others with much cyto- 
' plasm and small nuclei. 

8 

08 

1 3,79 

t 

1 

i 200.0 

1 

98 

2 : hlature lymphocytes 

‘ with moderate num- 
: ber atypical forms. 

9 

00 

j 4.12 

1 

114.0 

1 

j 99 

1 

1 j Large young lympho- 

1 cytes. No lympho- 
blasts. 

10 

40 

1 2,48 

100.4 

1 98 

2 Primitive cells, dark 





! 

i 

1 

j ‘ blue cytoplasm. 


* Temporary effect following early Roentgen ray treatmenta. 


This observation suggests that these signs and symptoms are not 
entirely dependent upon the height of the basal metabolic rate in 
either disease. It seems more probable that the basal metabolic 
rate and clinical phenomena are dependent in great measure upon 
a fundamental disturbance which is common to both of them, but 
which may vary its expression independently under given conditions. 

The lodin Effect in a Goiirovs Area. Six .of the 10 patients 
showed a definite and significant decrease in basal metabolic rate, 
but in only 4 of these did the pulse rate follow this depression (vide 
infra ) . 

The basal metabolic rate in chronic lymphatic leukemia usually 
begins to fall between the 4th and the 9th day, and reaches its 
lowest level between the 7th and the 16th day. In 1 patient the 
initial decrease was delayed until the 14th day. 

It is of considerable interest to note that the fall in basal metabolic 
rate, as well as the period over which this occurs, is directly com- 
parable to similar statistics reported by Means and Ilichardson,^^ 
and Coller and Potter^G (Table 6) for patients with exophthalmic 
goiter under treatment with Lugol’s solution. It seems of import- 
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ance, too, to point out that the present series of patients "with chronic 
lymphatic leukemia responded to iodin more nearly like patients 
with exophthalmic goiter originating in a goitrous region (Coller 
and Potter®®) than like those reported by Means and Richardson®'* 
for a nongoitrous area. The patients with leukemia were all resi- 
dents of the state of Michigan and were treated under conditions 
similar to those cases of exophthalmic goiter which were studied 
by Coller and Potter,®® It is probable that minor discrepancies in 
the manner of response of these patients to iodin would disappear 
if the number of cases of leukemia (10) was more comparable to those 
of exophthalmic goiter (128). 


Tabu: S. — The Cunical Changes Folmwing TnEATiiENT -with 
L- aGOE's SOEGTION. 



Days of 

WHtc blood cells 
in tboueands per 

Baeal metabolic 

Basal pulse rate per 

Number. 

treatment. 

cubic milUmeter. 

rate in per cent. 

minute. 

1 

0 

88.9 

+29 

82 


11 

61.6 

+13 

64 


31 

43.0 

+25 

68 


35 

62.8 

+36 

80 

2 

0 

102.4 

+54 

88 


12 

49.2 

+35 

80 


19 

30.3 

+55 

82 


■ 26 

72.0 

— 

. . * • 

S 

0 

13.5 

+66 

58 


5 

« • * « • 

+68 

95 


10 

16.8 

+34 

108 

4 

0 

86. 4 

+26 

91 


14 

83.0 

+19 

88 


23 

115.0 

+31 

88 


29 

190.0 

— 

— 

5 

0 

44.8 

+60 

75 


4 

60.6 

+20 

77 


11 

62.8 

+35 

78 

6 

0 

118.0 

+31 

72 


15 


+10 

62 


22 

112.0 

+ 4 

68 


53 

130.0 

+52 

70 

7 

0 

30.0 

+41 

SO 


9 


+49 

200* 


14 


+43 

86 

* (Patient develoiKjd attacks of paroxysmal tachycardia during basal metabolism. 

s 

0 

200.0 

+29 

88 


14 

181.0 

+33 

80 


1C 

118.0 

. . • . 

88 


17 

91.2 

+41 

9 

0 

114,6 

+33 

70 


S 

70.3 

.... 

OS 


11 

47.8 

+39 


13 

55.3 

+35 

72 

10 

0 

166.4 

+47 

so 

8 

211.5 

+48 

S9 
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The following tabulation (Table 6) records the original basal 
metabolic rates in groups of 10 per cent, and the points to which 
they decreased following treatment with Lugol’s solution. The 
number of days which elapsed between the former and the latter 
are also recorded in each instance. ' 


Table G.— The Changes in Metabolic Rate Dobing Treatment. 


Original basal metab- 
olic rates in groups 
of' 10 per cent. 

Final basal metabolic rates in per cent 
folloutng iodin in exophthalmic 
goiter. 

Final basal metabolic rates 
in per cent following 
iodin in chronic lymphatic 
leukemia. 

Means and 
Richardson 
(128 cases). 

1 

1 

; Days. 

1 

1 

Coller and 1 

Potter Days. 

(128 cases), j 

1 

Present 

series. 

Days. 

No. 

cases. 

80 to 90 per cent 

-1-34 

10 

! 

+38 i 17 



0 

70 to 80 

It 

+24 

10 

+48 i 12 



0 

60 to 70 

tt 

+26 

: 10 

+40 i 14 

+26 

7 

2 

50 to 60 

tf 

+24 

10 

+39 14 

+35 

12 

1 

40 to 50 

it 

+18 

9 

+30 ! 12 



0 

30 to 40 

it 

+15 

' 8 

+23 i 16 

+10 

10 

1 

20 to 30 

« 

+17 

1 8 

1_ 

+17 j 10 

+16 

12.5 

2 


It is quite possible that the widespread and constant use of iodized 
salt may be one of the factors responsible for the delayed and dimin- 
ished effect of Lugol’s solution in cases from the goitrous areas. 

The Basal Pulse Rate. lodin was effective in reducing the pulse 
rates of 4 patients, and ineffective in 2 others. It might conceivably 
have been responsible for a more rapid pulse rate in 4 other patients, 
one of whom developed repeated attacks of paroxysmal tachycardia. 
The occurrence of a striking bradycardia, which persisted in the 
face of an increasing basal metabolic rate, following treatment with 
LugoFs solution, seemed to be a significant phenomenon. 

It has been generally accepted that the elevated basal metabolic 
rate is directly responsible for the tachycardia with which it is so 
closely associated, especially in cases of exophthalmic goiter and 
possibly in the leukemias (Sturgis and Tompkins, Minot and 
Means®®). Although there is no doubt concerning the relationship 
which Sturgis and Tompkins have pointed out, those cases which 
do not follow the general rule suggest that an additional factor 
may play an important role in the tachycardia of exophthalmic 
goiter, and more especially of chronic lymphatic leukemia. 

As a general rule, the pulse rate is well above 90 or 100 per minute 
in frank cases of exophthalmic goiter with a significantly elevated 
basal metabolic rate. Only 1 of the 10 patients with chronic lymph- 
atic leukemia showed a basal pulse rate of slightly over 100 per 
minute, in spite of the fact that 5 of the original basal metabolic 
rates were recorded between 40 and 65 per cent, 3 rates over 30 
per cent, and 2 others about 25 per cent. The combination of a 
. severe anemia, mpderate elevation of body temperature and the 
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possibility of an iodin reaction suggested themselves as possible 
explanations for this single case of taehycardia. 

These observations seem definitely indicative of the fact that the 
pulse rate is not entirely dependent upon the height of the basal 
metabolic rate. It is probable, that a disturbance similar to that 
which causes the elevated basal metabolic rate is also responsible 
for the tachycardia with which it is often, though not necessarily, 
associated; and that iodin, while tending to decrease both of them, 
may have a variable influence. 

The Blood Picture. In 4 cases there was an unmistakable decrease 
in the total white blood cell count, beginning between the 3rd and 
9th day, reaching its lowest level about the 20th day, and there- 
after gradually increasing to approach its original level after 4 or 5 
weeks. In three instances, there seemed to be an aetual exacerba- 
tion in the numbers of the leukocytes following treatment with 
Lugol’s solution. This took place in spite of the symptomatic 
remission which was present at the time. 

Apparently the decrease, when it does take place, is at the expense 
of the lymphocytes. Occasionally we have noted the appearance 
of small numbers of eosinophils and basophils in the peripheral 
blood stream, following treatment with iodin, but this is not a con- 
stant finding. 

A marked secondary anemia was present in 7 of the 10 cases 
which were studied. In three instances, originally without anemia, 
the red blood cell count and per cent hemoglobin appeared to de- 
crease temporarily following iodin therapy. 

It seems of interest to note that iodin therapy appeared to exag- 
gerate the hemorrhagic diathesis which was already present in 1 or 
2 of the patients with chronic lymphatic leukemia. Although this 
association may have been coincidental, it is significant to note 
that the literature repeatedly mentions potassium iodid as an etio- 
logic factor in hemorrhagic purpura (Ricord,'*^ Stengek- (complete 
bibliography)). Jackson"*^ has recently called attention to a similar 
accident in the treatment of exophthalmic goiter with Lugol’s 
solution. 

The effect of iodin in reducing the red blood cell count and hemo- 
globin percentage, and in inducing hemorrhagic manifestations, 
suggests that this drug may play an important role in hemopoietic 
metabolism. 

Regional Lymph Nodes. In 2 cases there was a partial but 
unmistakable diminution in the size of the cervical lymph nodes 
bilaterally. The other lymph glands of the body did not show any 
appreciable changes. Within 2 weeks there was a rapid increase in 
the size of these cervical glands either in spite of, or because of, the 
iodin therapy. The significance of this change is uncertain because 
variations of this tj^ie may occur spontaneously (Minot and 
Isaacs^^). 
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S'phnomegaly . There were no systematic observations carried out 
upon the size of the spleen in chronic lymphatic leukemia following 
treatment with iodin. However, the author has since noted a 
remarkable decrease in the size of 2 splenomegalies of unknown 
origin, and a third instance in a patient with chronic myelogenous 
leukemia, following the administration of Lugol’s solution over a 
period of 1 to 3 weeks. Further observations are now being carried 
out along this new line of investigation, concerning splenomegalies 
not due to syphilis or tuberculosis. 

The Sympathetic Nervous Sysievi. Vasomotor Phenomena. In 
2 cases, the patients noted a distinct difference in the skin color, 
moisture and temperature of their hands before and after treatment 
with iodin. Originally, both of these patients had complained of 
pale, cold, rather dry hands, indicative of vasoconstrictor hyper- 
activity with spasm of the peripheral bloodvessels. Within a few 
days after treatment was instituted, the palms of the hands changed 
noticeably, with the appearance of diffuse erythema, slight moisture 
and increased warmth; and similar changes (not as striking) 
appeared over the face and ears. 

Emotional Instability. A surprising number of patients (8) com- 
plained of nervousness and irritability which they had noticed 
since the onset of their illness. In every case, a marked remission 
brought definite relief from the emotional instability which they 
had experienced. In two instances it was only temporary, and was 
followed within a few days by a definite exacerbation, which later 
responded favorably to Roentgen ray therapy and transfusion. 

Ocular Phenomena. A large number of patients had one or more 
of the eye signs indicative of a hyperactive sympathetic nervous 
system,^ such as, bilateral exophthalmos, unilateral exophthalmos 
(usually the right eye), lid lag, lidspasm,^^ Kocher and Dalrymple 
eye signs. It is of interest that unilateral prominence of the eyes 
and lid lag occasionally decreased following iodin therapy. How- 
ever, judging from the well-recognized inconstancy of these ocular 
phenomena,^® it is uncertain whether or not this was a spontaneous 
change. 

Response to Iodin Controlled by Unhnoivn Factor. Earlier studies 
upon the effect of Lugol’s solution in chronic lymphatic leukemia 
suggested that severe anemia, previous Roentgen ray therapy and 
acute exacerbations of the disease acted in an inhibitory manner 
upon a complete remission. Subsequent investigation, however, 
has not produced a constant method for predicting the type of 
response, if any, which one may expect in individual instances. 

Conclusions and Summary. The present paper has been designed 
primarily for the purpose of directing attention to another point 
of view from which one may regard the clinical phenomena and 
pathogenesis of exophthalmic goiter and chronic lymphatic leukemia, 
with special reference to: (a) The mechanism of the elevated basal 
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metabolic rate in disease; {b) the significance and mechanism of the 
iodin effect in Graves’ syndrome and chronic lymphatic leukemia, 
and (c) the relation of the sympathetic nervous system to the obvious 
clinical phenomena of exophthalmic goiter and chronic lymphatic 
leukemia. 

1. The basal metabolic rate may be elevated in many clinical 
conditions other than exophthalmic goiter (chronic lymphatic and 
myeloid leukemia, nonleukemic lymphoblastomata, polycythemia 
vera, pernicious anemia, essential hypertension, acromegaly, dia- 
betes mellitus and convalescent afebrile rheumatic fever). Con- 
versely, all of these maladies, including exophthalmic goiter, may 
occur without an elevated oxygen consumption. 

2. Lugol’s solution (iodin) has a definite beneficial effect upon the 
clinical signs and symptoms of exophthalmic goiter. It also 
depresses the elevated basal metabolic and pulse rates in pernicious 
anemia, acromegaly and polycythemia vera. However, iodin has 
no effect whatsoever upon the basal metabolism and pulse rates of 
normal individuals, nor does it decrease the elevated basal metab- 
olism and tachycardia of experimental hyperthyroidism induced 
by active thyroid substance. 

3. Ten patients with chronic lymphatic leukemia were systematic- 
ally studied during treatment with Lugol’s iodin solution. Clinical 
notes were recorded concerning individual variations in clinical 
symptoms, physical signs and laboratory data. The basal metabolic 
and pulse rates were studied carefully with special emphasis upon 
the control period. 

4. The basal metabolic rate was found definitely elevated in every 
patient with chronic lymphatic leukemia, but the initial basal pulse 
rates were not significantly increased. 

5. The physical signs and clinical symptoms of chronic lymphatic 
leukemia are strikingly similar in quality to those noted in exoph- 
thalmic goiter, and differ only in a quantitative manner. They are 
usually much less intense in chronic lymphatic leukemia even in the 
presence of an equally elevated basal metabolic rate. These observa- 
tions indicate that the basal metabolic rate and the other clinical 
manifestations of these maladies (emotional instability, tachycardia, 
exophthalmos and associated eye signs, profuse sweating, and 
vasoconstrictor phenomena) are dependent in great measure upon a 
fundamental disturbance which is common to all of them; and that 
the elevated basal metabolic is not responsible for the clinical 
phenomena of these maladies. 

This fundamental disturbance appears to be expressed through 
a hyperactive state in the sympathetic nervous system, and the 
resultant phenomena seem to vary independently of eaeh other 
under conditions which are unknown at the present time. 

6. The laws which apparently govern the response of exophthal- 
mic goiter to iodin seem to apply with remarkable similarity to 
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chronic lymphatic leukemia. However, the percentage frequency 
of this response in leukemia is smaller than that noted in Graves’ 
syndrome. 

7. In a certain percentage of the patients Avith chronic lymphatic 
leukemia, iodin will induce a symptomatic remission and a temporary 
decrease in the basal metabolic and pulse rates, in addition to a 
transient reduction in the size of the cervical lymph nodes and in the 
height of the total leukocyte count. It also appears that night 
sweats may vanish, and certain types of splenomegaly decrease 
under the influence of iodin therapy. 

8. Iodin therapy may, however, exaggerate the hemorrhagic 
diathesis already present in chronic lymphatic leukemia, and in 
certain instances induce a decrease in the red blood cell count and 
hemoglobin. This drug may also cause an exacerbation of those 
factors (emotional stability, pulse rate, basal metabolic rate and 
AA’^hite blood cell count) upon which it sometimes acts in a sedative 
manner. The mechanism of this paradoxical activity remains 
unknown. 

9. The thyroid gland is not only remarkable for its avidity in 
storing iodin (Marine and LenharH®), but also for the fact that the 
epithelial changes in its structural conformation (colloid resting 
type or hyperplastic and hypertrophic states) may be directly 
dependent upon the presence or absence of available iodin both in 
cases of simple endemic and exophthalmic goiter (Marine,^® Rien- 
hoff,^'^ Cattell,‘‘® Kocher'*®). 

One must not confuse this issue by assuming that the activity 
of the iodin is limited to functions of the thyroid gland, just because 
the latter is capable of storing iodin with unusual facility. Their 
relationship is probably similar in some respects to that which is 
known to exist between glycogen and the liver. 

Results of the present investigation indicate that the specific 
beneficial effects of iodin in exophthalmic goiter, chronic lymphatic 
leukemia, polycythemia vera, acromegaly and pernicious anemia 
are probably not exerted through the influence of the thyroid gland. 

10. One of the most striking effects of iodin in exophthalmic 
goiter and chronic lymphatic leukemia is its ‘'sedative action” 
upon the signs and symptoms of sympathetic nervous system hyper- 
activity (tachycardia, tremor, abnormal sweating, emotional insta- 
bility, vasomotor phenomena, exophthalmos and associated eye 
signs). The specific activity of iodin is probably closely related to 
the physiology of the sympathetic nervous system. 

11. The available evidence suggests that exophthalmic goiter is 
not caused by disease of the thyroid gland. The sympathetic 
nervous system apparently plays a major role in the pathogenesis 
of Graves’ syndrome, and is probably also a factor of importance in 
chronic lymphatic leukemia. 

In evaluating these conclusions, it must be remembered that the 
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level of the basal metabolic rate is subject to capricious changes. 
Consequently, the results of the present investigation are of a ten- 
tative character from this point of view, and await further and 
extensive experimentation for confirmation. Nevertheless, there 
can be little real doubt concerning the beneficial effect of iodin upon 
the clinical symptoms, and its tendency to decrease the pulse rate 
and white blood cell count in certain instances of chronic lymphatic 
leukemia. In any event, the striking clinical parallelism which 
exists between exophthalmic goiter and chronic lymphatic leukemia 
is deserving of more critical scrutiny. 

Note. — It is a privilege to acknowledge toy appreciation to Dr. Cyrus C. Sturgis 
and Dr. Raphael Isaacs for their constant cooperation and advice during the progress 
of this chnical investigation. My thanks are also due to many of my colleagues for 
their courtesies on the wards and technical assistance in the laboratories. 
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FOOD ALLEEGY IN THE DIFFERENTIAL DIAGNOSIS OF 
ABDOMINAL SYMPTOMS.'’' 

By Albert H. Eowe, M.S., M.D., 

LBCTUnEK IN MEDICINE IN THE ENIVEHSITY OF CAEIFOUNIA. MEDICAE SCHOOE, SAN 
FRANCISCO, CALIF.; CHIEF OF THE CLINIC FOB ALLERGIC DISEASES OF THE 
ALAMEDA COUNTY HEALTH CENTER, OAKLAND, CALIF. 

Food allergy is not infrequently tiie cause of acute abdominal 
pain and vomiting and of many other persistent gastrointestinal 
symptoms.’- It is indeed probable that such symptoms are the 
most frequent evidences of food allergy because of the intimate 
contact that allergy producing foods have with the gastrointestinal 
membranes. Surgeons as well as internists, therefore, must ever 
keep food allergy in mind in the differential diagnosis of all abdom- 
inal symptoms. 

Literature. My attention was first directed to gastrointestinal 
food allergy by Schloss in 1915^ and Cooke® in 1917. In 1921 to 
1923, Duke^'®’® stressed this cause of acute abdominal pain and 
other symptoms in three contributions. His article on abdominal 
pain was of special value. In 1925 a study of 234 patients with 
bronchial asthma allergic indigestion was noted by me'^ in 12 per 
cent. In 1927 and 1928 I discussed the role of food allergy in the 
production of abdominal symptoms in 5 articles, in 1 of 
which’® 50 cases with such symptoms were reported. Recently, in 
my book on “Food Allergy,”’ statistics on 100 patients with gastro- 
intestinal allergy were presented, and an extended discussion of the 
enthe subject with 21 case reports was included. Andresen in 
1925’® nTote a comprehensive article on gastrointestinal allergy. 
Eyerraann,’^ in 1927, discussed the various gastrointestinal symp- 
toms in allergic patients. Vaughan’® reported mucous colitis due 
to food allergy in 1928. In 1930’® he discussed the role of food allergy 

Read bcfoTC tbc mcoting of tbo California and Nevada Section of tbe American 
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in abdominal as well as general symptoms. Balyeat/’^ in 1930, 
also emphasized gastrointestinal food allergy. Charles Eichet, who 
coined the word anaphylaxis in 1902, was one of the first to describe 
gastrointestinal symptoms due to food allergy and his views were 
presented by Barnathan^® in a thesis on the subject in 1911 and 
again by Laroche, Eichet and Saint Girons*® in 1919. These con- 
tributions, as well as those of Schloss,'" described the various gastro- 
intestinal symptoms of food allergy in childhood. Eecently, in 
1931, Stafford, Jacobus and Watson-* again discussed these mani- 
festations in childhood. 

Clinical Observations. In my recent discussion of gastrointestinal 
food allergy®® an analysis of 50 of the records of a series of 100 
patients with such disorders revealed the occurrence of the following 
symptoms:- 

Canker sores, 20 per cent; coated tongue, 18 per cent; heavy 
breath, 14 per cent; distention, 32 per cent; belching, 20 per cent; 
sour stomadi, 18 per cent; epigastric heaviness, 28 per cent; burning 
or pyrosis, 14 per cent; nausea, 40 per cent; vomiting, 30 per cent; 
intestinal cramping, 24 per cent; mucous colitis, 14 per cent; diar- 
rhea, 12 per cent; constipation, 32 per cent; proctitis, 2 per cent; 
pruritus ani, 4 per cent; pain and soreness in the epigastrium, 
20 per cent; in the upper right quadrant, 14 per cent; in the mid- 
abdomen, 10 per cent; in the lower abdomen, 20 per cent, and an 
ulcer type of pain, 10 per cent. Symptoms including weakness, 
■fatigue, irritability, nervousness, mental dullness and confusion 
and generalized aching due to "allergic toxemia” from food were 
present in a number of these patients. All of the above symptoms 
, have been found in another series of 150 patients, statistics of 
whidi have recently been published.* My findings are quite like 
those reported by Eyermann*^ in 1927. A family history of allergy 
was present in 65 per cent of the patients and a personal history of 
asthma, hay fever, cutaneous allergy or migraine was present in 
from 13 per cent to 36 per cent. My studies®® indicate that allergic 
patients often inherit the tendency to develop a specific type_ of 
allergy such as food or pollen allergy as well as a specific localization 
of its manifestations such as hay fever or migraine. Thus it is 
interesting that patients with gastrointestinal allergy often give 
a history of cluonic abdominal disturbances in their forebears which 
resemble those of the patient.-- 

It is also interesting that Lintz states in 1925®* that a family his- 
tory of chronic appendicitis should suggest allergy ratlier than 
infection as the underlying cause. It must be emphasized, however, 
tliat certain patients with gastrointestinal and other manifestations 
of allergy have no personal or family liistory of allergy. 

Gastrointestinal Food Allergy from the Surgeon’s '^ievroint.^ Special ■ 
comment on the various manifestations of gastrointestinal food 
allergy is important in order to indicate the necessity of the constant 
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consideration of this etiologic factor in differential diagnosis. Acute 
as well as mild and chronic manifestations will be discussed in this 
paper. It is well to remember that allergy produces two main 
reactions in tissues which give rise to its symptoms— firsts edema of 
mucous membranes and other tissues with the concomitant produc- 
tion of mucus and disturbed membrane permeability, and second, 
smooth muscle spasm which may occur in any tissue containing 
sucli smooth muscle from the bronclii or arteries to the gastro- 
intestinal or urogenital tracts. The mucous membranes and the 
abundant smooth muscle of the digestive tract, therefore, are 
natural sites for tlie establishment of allergic reactions from foods. 
It is probable that lesions similar to urticaria, erythema and even 
eczema in the skin may occur in the various parts of the gastro- 
intestinal tract. Angioneurotic edema has been observed at oper- 
ation for supposed obstruction.^® 

It is likely that allergic reactions to bacteria and other allergens 
than food may produce symptoms in various parts of the gastro- 
intestinal tract. Pollen allergy has produced symptoms in a few 
of my patients as well as patients of other observers.^® However, 
food is tlie outstanding cause of allergic digestive symptoms and 
our discussion will be confined to sudi etiology. 

1. Gastric Symptoms. I have reported food allergy as a fre- 
quent cause of distention, belching, pyrosis, epigastric heaviness, 
nausea, vomiting and sour stomach. Such symptoms may be mild 
or severe and may occur immediately or be delayed for 1 to 3 hours. 
The digestive disturbances and especially definite food intolerances 
in infancy are frequently due to food allergy and it is probable 
that many cases of pylorospasm are due to allergic edema and smooth 
muscle contraction. The frequency of canker sores, white coatings 
on the membranes of the mouth and gums, and coated tongues in 
patients with abdominal allergy deserves mention at this place. 
The possible relation of canker sores to peptic ulcer will be discussed 
later. The gastrointestinal symptoms so frequently associated with 
migraine have been relieved through my “elimination diets.” It 
is my opinion-^ as well as that of Balyeat^s that most cases of 
migraine are due to food allergy. 

2. Intestinal Symptoms, Vomiting and Anorexia. It is prob- 
able that nausea due to food allergy may arise in certain patients 
from disturbed peristalsis in the small intestine or in the stomach. 
Colic, cramping, abdominal pain and mucous colitis may be due 
to similar reactions. My Roentgen ray studies of certain patients-® 
with gastrointestinal allergy have revealed moderate duodenal stasis 
and reversal of peristalsis as well as hyperperistalsis and hyper- 
motility, which apparently depended on the inclusion of allergy- 
producing foods in their diets. Further Roentgen ray studies on 
the small intestine in patients with gastrointestinal allergy are in 
progress. 
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3. Colonic Symptoms. The spasm and mucus of mucous colitis 
can well be explained by food allergy. Such etiology has been 
reported by Duke^ in 1921, Vaughan®® in 1922 and 1928, Richet®i 
in 1926, Hollander®® in 1927, the writer in 1928, Beecher®® in 1928 
and BalyeaB'^ in 1930. Pain, soreness and disturbed peristalsis are 
at times due to this condition which may not be readily recognized. 
I have discussed mucous colitis®^ in my recent monograph, and case 
reports have been included. It is probable that the so-calle'd irri- 
table bowel for which no satisfactory etiology has ever been pre- 
sented often may be due to food allergy.®® Many of my patients 
affected with food allergy have suffered with colonic pain and 
tenderness and other symptoms characteristic of the irritable 
bowel. Right-sided abdominal pain®® and soreness due to allergic 
reactions in the ascending colon occur frequently and will be referred 
to later. Disturbances in the harmonic peristalsis in the colon 
due to food sensitizations as observed in the Roentgen ray have 
been described by Eyermann.®^ Pruritus ani due to food allergy 
was described by Andresen in 1925.®® In 1928®® I reported such 
etiology and Vaughan®® in 1930 reported several cases. Pruritus 
ani due to allergy is an example of the usual tendency to the local- 
ization of allergic reactions, idiopathic bleeding from the intestinal 
tract has been described by Lintz.®^ Other idiopathic hemorrhages 
in allergic patients have been discussed in my recent book.®® Finally, 
food allergy has been a frequent cause of constipation in my patients 
due to spasm in the colonic musculature. 

4. Abdominal Pain and . Soreness. The cause of abdominal 
pain and soreness is a constant challenge to every surgeon and 
physician. Food allergy is a frequent cause of these symptoms and 
must always be considered in the differential diagnosis. 

' (a) Abdominal pain suggesting appendiceal mflammation may 
be due to food allergy. It is not surprising that the ascending colon 
and especially the cecum are frequently the seats of reactions due 
to food allergy since the food residues remain in contact with these 
tissues for many hours in normal patients. 

Allergic reactions in tlie c6cum probably extend into the appendix 
as well and it is entirely probable that the resulting edema and spasm 
may predispose to infection. As already stated, Lintz®® feels that 
many appendectomies are done because of allergic reactions in the 
colon and appendix. My experience also shows that pain and 
soreness in this region may be due to allergy alone. Acute allergic^® 
reactions moreover may be accompanied by fever, a leukocytosis 
of 12 to 20,000, though the poljTnorphonuclears are usually below 
80 per cent. Many so-called cases of clrronic appendicitis are also 
probably due to food allergy. Allergic reactions in the appendix 
and cecum may predispose to bacterial invasion, c.specially when 
resistance to such infections is naturally low or diminished. IVhen 
definite rigidity is present, however, and otlier indications of an 
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acute appendicitis are found surgery should never be postponed 
even when allergy is suspected. 

(6) Abdominal pain and soreness suggesting gall bladder disease 
may also be due to food allergy. Allergic pain in the upper right 
quadrant is usually dull, though it is at times severe. There is 
frequently a rather constant pain and soreness in this area and over 
the whole region of the liver, such as I reported in 12 patients in 
1928^° due to food allergy. Severe pain suggestive of gall-stone 
colic has not been observed in my work. The whole right side of 
the abdomen may be affected. Graham, Cole, Gopher and Moore'^'* 
have reported similar observations of Alexander and Eyermann. 
They list intestinal allergy as a third consideration in their differ- 
ential diagnosis of cholecystitis. As I have recently stated, it is 
probable that allergic reactions occur in the liver itself. Patients 
with clu’onic food allergy, especially those with severe “bilious 
headaches,” are at times moderately jaundiced, indicating swelling 
of the parenchyma of the liver with edema or spasm of its ducts. 
Other evidence in favor of hepatic allergy has been reviewed else- 
where.'*^ Pain and soreness in the upper right quadrant may also 
be due to colonic reactions as reported by Eyermann and observed 
in my own studies and it must be mentioned that Duke*" and I 
have reported renal colic due to food allergy.*® Thus pain and sore- 
ness in the upper right quadrant, especially in a patient with active 
or potential allergy should suggest food allergy as a possible cause. 

(c) Abdominal pain suggesting peptic ulcer may be due to food 
allergy. Such pain occurred in 5 patients as recently reported in 
my series of 50.** In 1 of these patients, in whom a provisional 
diagnosis of ulcer was made some years before, an unnecessary 
exploratory operation was performed because of sudden severe pain, 
which was attributed to possible perforation. Since then his pain 
has been shown to be due to wheat allergy. 

The association of food allergy and peptic ulcer has come to my 
attention several times. Carr,*® in 1926, reported milk allergy in a 
patient with ulcer, in whom severe headache, nausea, drowsiness, 
urticaria, tender painful joints and a temperature of 101.2° F. 
developed whenever he was placed on a milk regime. Sterling, in 
1929,*® reported 2 sucli cases and I have recently recorded 2 others.*^ 
Kern and Stewart®® have recently reported on the incidence and 
significance of food hypersensitiveness as observed in 32 patients 
with duodenal ulcer. • 

I have stated in 1928*0 and again in 1931*® that canker sores are 
frequently due to food allergy. Andresen, in 1925,*® affirmed such 
etiology. I have also suggested that lesions similar to canker sores 
could readily occur in the stomach or duodenum and that the con- 
tinued action of the digestive ferments on such sores could produce 
peptic ulcers of varying degrees. This possibility is receiving 
further study. 
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{d) Abdominal pain and soreness due to food allergy may occur 
in other parts of the abdomen than those already discussed. Such 
symptoms in the upper left abdomen have been observed in 4 
patients/® probably due to colonic reactions. Mid-abdominal and 
left-sided pain may also occur. Three patients with recurrent 
severe attacks of pain localized in a small area to tlie left and just 
below the umbilicus in whom food allergy was the sole cause have 
been reported.^® 

Pain in the lower abdomen may be due to food allergy localized 
in the descending colon or sigmoid or small bowel. Rectal spasm 
and tenesmus with pain referred to the back is not infrequently 
due to food allergy. Lower abdominal pain and soreness may be 
due to bladder®® or uterine allergy/^ producing painful burning 
urination and painful disordered menstruation. 

Angioneurotic edema may cause severe abdominal pain and signs 
of intestinal obstruction as I have previously reported. Such lesions 
have been discovered at exploratory operations. Osier/® in several 
articles, warned against surgery in patients with visceral manifes- 
tations of the erythema group of skin diseases, and in 1914®® he pre- 
' dieted that anaphylaxis would probably explain such symptoms. 
Food allergy has been shown by Alexander and Eyermann®^ to be a 
definite cause of Henoch’s purpura and angioneiu-otic edema is 
frequently due to food allergy in my experience and that of other 
students of the subject. As a cause of acute or severe abdominal 
pain, therefore, food allergy must be kept in mind by all surgeons 
in order to prevent unnecessary operative procedures. This is 
especially true when physical findings do not correspond with the 
degree of severity of the presenting symptoms. Many exploratory 
operations -with negative findings have been done because of allergic 
symptoms. 

Diagnosis. Before outlining the various criteria which should 
direct the physician’s attention to the possibility of food allergy in 
his patient, it must be emphasized that complete and painstaking 
physical and laboratory examinations must be done to determine 
all types of existing lesions. This is most important before food 
allergy as a cause of the various symptoms which have been dis- 
cuss^ in this paper can be definitely considered. Such studies 
should include a careful history and physical examination, a stomach 
analysis, stpol analyses, Roentgen ray studies of the gastrointestinal 
tract of the colon by means of a barium enema and gall bladder 
studies preferably with the intravenous dye. Proctoscopic examin- 
ations and other laboratory studies should be done when indicated. 

I have recently discussed the importance in Roentgen ray studies 
of a menstruum for barium to wLich the patient is not allergic. The 
use of milk in patients sensitive to it produces peristaltic disturb- 
ances which may confuse the roentgenologist. 
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The presence of definite lesions in the gastrointestinal and bil- 
iary tracts does not rule out the presence of food allergy. This 
was stressed by Duke^“ and I can corroborate his opinion. As 
already stated, allergic reactions may predispose to appendicitis, 
cholecystitis and initiate peptic ulcer. Thus it is necessary at times 
to carry out surgical or medical therapy for definite pathologic 
conditions as well as modify the diet to control food sensitizations. 
What should make the physician suspect allergy in his patient? 

1. A personal or family history of asthma, hay fever, urticaria, 
eczema, migraine or of recurrent colds or coughs and in certain 
instances of chronic gastrointestinal symptoms should suggest 
potential allergy in the patient. I have repeatedly stated that the 
general history of every patient studied by physicians should offer 
evidence that careful questioning for such potential or active allergy 
has been made. Possible allergy of all types including food allergy' 
is extremely common, as shown by my recent analysis'^® of 400 
college students in whom potential allergy was present in 58 per 
cent. 

2. The history of definite food disagreements and dislikes should 
suggest the possibility of allergy. Here the role of inadequate diges- 
tion and nervousness must be kept in mind, but allergy is more often 
indicated by such history than is appreciated. 

3. Skin testing with foods should be done. I have stressed for 
several years the frequency of negative cutaneous, and to a definite 
though less extent, of negative intradermal reactions to food allergens 
to which sensitization exists. The necessity of diet trial has been 
emphasized by me as well as by Brovm,®’' Alexander^® and Eyer- 
mann-'’® wdiere negative as well as positive skin reactions occur. 
These negative reactions depend on the localization of the allergic 
disturbances in the special tissues rather than in the skin, as pointed 
out by Alexander®® in 1928. My continued experience indicates 
that skin reactions should be carried out when possible, though 
they are rarely of much help in the study of patients with gastro- 
intestinal allergy. 

The determination of food allergy, tlierefore, must be made with 
diet trial. For this my “elimination diets” have beCn of increasing 
service. Many obscure symptoms have been found due to food 
allergy by means of these diagnostic diets. Treatment of food 
allergy requires a gradual development of such “elimination diets”' 
with the gradual determination of the specific foods which are 
productive of the symptoms. Desensitization to such foods may 
result from their prolonged elimination from the diet or may be 
accomplished by gradual feeding. 

Summary. 1. Many gastrointestinal symptoms have been dis- 
cussed which may be due to food allergy. 

2. The realization that food allergy can produce a wide variety 
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of gastrointestinal symptoms necessitates the consideration of this 
etiology in the differential diagnosis of abdominal complaints. 

3. These symptoms frequently simulate acute or chronic abdom- 
inal lesions and have led to many unnecessary operations in the past. 

4. The necessity for the study of every patient with potential or 
active allergy in mind is paramount. Positive or negative evidence 
of such allergy should be included in the family and personal history 
of every patient.’ 

5. Because of the frequency of negative skin reactions in food 
allergy the use of “elimination diets” for diagnosis has been found 
of increasing value. • 
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SYPHILITIC ARTHRITIS WITH EFFUSION. 

By David H. Kling, M.D., 

FELLOW, THE FREDERICK BROWN ORTHOPEDIC FELLOWSHIP, HOSPITAL FOR JOINT 
diseases, NEW YORK CITY. 

The literature can be summarized in the following sentence: 
Syphilitic arthritis can imitate every form of joint disease. Finger/ 
Frauenthal/ Hartung/ Schlesinger/ Todd® and others recognize 
acute febrile affections, resembling infectious arthritis; subacute 
forms simulating rheumatoid (atrophic) arthritis; chronic types with 
the clinical appearance of (hypertrophic) osteoarthritis. The affec- 
tion can be monoarticular, symmetrical or polyarticular. The 
intensity of involvement varies from simple effusion to gummatous 
granulation and finally to destructive processes of the membrane 
and articular surface with deformity and ankylosis. The diagnosis 
is based on peculiar clinical features, response to treatment, Roent- 
gen ray findings and the Wassermann reaction in blood serum and 
joint fluid. 

The evidence, however, is at best suflBcient to identify only a 
fraction of the tj^es enumerated above. The pathologic founda- 
tion is inadequate, consisting of a limited number of older descrip- 
tions of gross specimens demonstrating gummatous involvement 
or chondritis (Lancreau,® Virchow, Gangolphe,® Gies,® Chiari,^® 
Kaufmann,!^ Schmidt^). Only a few microscopic studies were 
reported. 

The estimation of frequency also is subject to extreme variations. 
Stein^® calculated syphilitic arthritis to amount to 20 per cent of all 
forms; Brunauer and Hass,^^ to 2 per cent of their material. The 
elusive and complex clinical description, the discrepancies and 
difficulties’of detection have had the result that the whole subject 
was almost lost sight of. The impression is prevalent, that tabetic 
arthropathy is the only manifestation of syphilitic joint disease. 
This is liable to cause grave consequences, as syphilitic arthritis 
often yields to proper treatment only, if recognized in an early stage. 
Reinvestigations are indicated to clarify and to amj ’’fy our knowl- 
edge of syphilitic arthritis. It is thought that this x.'in be accom- 
plished by the analysis of well-defined forms on the basis of a broad 
material. My study is devoted to a consideration of the type of 
sjq)hilitic arthritis wdth effusion as the main clinical feature. This 
permits one to base the diagnosis by correlation of clinical findings 
with the findings in the joint fluids and to consider this type of 
syphilitic arthritis as a sector of the whole group of arthritides with 

effusion. _ . . 

Analysis of the Material. The material for this investigation 
consists of 112 cases of acute and chronic arthritis with effusions 
of various etiolog 3 % The details will be found in Table 1. Nine 
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cases were diagnosed as syphilitic arthritis; seven cases of simple 
synovitis; the 8th is combined with a juxta-articular gumma; ^the 
9th is a case of synovitis with osteochondritis and periostitis. 
In addition we shall discuss a case of synovitis with gumma at the 
articular surface of the femur and 2 cases of tabetic arthropathy 
not included in this series. 

■ Table 1.— Diffekential Diagnosis of 112 Cases of ABTHuma With Efpesion. 


Acute and subacute. Chronic. All forms. 


Etiology. 

Number. 

Per cent. 

Number. 

Per cent. 

Number. 

Per cent. 

“Nonspecific” 

. 35 

31.0 

49 

44.0 

84 

75.0 

Doubtful . 

1 

0.9 

5 

4.4 

6 

5 

Tuberculous . 

. 1 

0.9 

4 

3.6 

5 

4.4 

Gonorrheal . 

. 6 

5.4 

1 

0.9 

7 

6.3 

Tabetic 

. 0 

, , 

1 

0.9 

1 

0.9 

Luetic 

. 4 

3.G 

5 

4.4 

9 

8.1 

Total 

. 47 

41.8 

65 

58.2 

112 

100.0* 


* Percentages carried out to tenths only. 


A. Syphilitic Synovitis. 

Case Reports. Case 1.— V. K., girl aged 6 years. Her mother had 
miscarriages before and after the child’s birth and her blood Wassermann 
was strongly positive. Three months before admission to the Clinic the 
child developed a bilateral eye condition, which was diagnosed as parenchy- 
matous keratitis. Wassermann and Kahn tests were 4-f in the blood. 
She received 6 injections of arsphenamin. During treatment and 2 weeks 
before entering the Clinic, she developed swelling of both loiees, almost 
painless. Each knee was distended, especially over the suprapatellar 
bursa. There was no marked increase of temperature or thickening of the 
synovial capsule. Twenty cubic centimeters of a slightly cloudy, greenish 
fluid were aspirated from the left Icnee joint. It contained a dense fibrinous 
net. The Wassermann was 4+ in the joint fluid and in the blood. Roent- 
gen ray was negative. For other findings see Table 2. The patient con- 
tinued the antiluetic treatment with the addition of mercury inunctions. 
One month later the swelling disappeared and the Wassermann in the blood 
returned to negative. Check-up examination in 3 months showed a normal 
condition of the joints. 

Case 2.— C. I., boy aged 8 years. His mother stated that 6 weeks prev- 
iously the child fed and subsequently developed pain and swelling of the left 
knee. On exan lation the child was walking with a limp and the left knee 
joint was tenc r and swollen (increase of Ij inches in size over the right 
knee). Extension was limited to 160 degrees and flexion to 45 degrees. 
The temperature over the joint was somewhat increased. The Roentgen- 
ray showed effusion but no atrophy or destruction. Plaster was applied for 
8 days, after which strapping was done, but the condition remained un- 
changed. Tuberculosis was suspected and the case was referred for aspira- 
tion b}’' Dr. M. Herzmark. Twenty cubic centimeters of a pale turbid 
fluid were recovered. The Wassermann was 44- in the fluid and blood. 
For other tests see Table 2. The mother denied venereal infection and her 
Wassermann was negative. The patient was given mercury ointment 
locally and injections of bismuth and the swelling subsided within a month. 
Check up after 8 months showed that the knee remained normal and the 
blood Wassermaim negative. 
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Case 3.— D. B., girl, aged 4 3 'ears. Her mother stated that the child 
fell a week previously and developed a swelling of the right knee. The 
child is normally developed and there were no signs of congenital lues. The 
tonsils were enlarged and the throat inflamed. The knee was swollen and 
the central cavity and the suprapatellar bursa were distended vith fluid. 
Only slight limitation of motion existed and there was no increase of local 
temperature. The Roentgen ray was negative. Thirt 3 ^ cubic centimeters 
of_ a pale turbid fluid were aspirated. The Wassermann was 4+ in the 
joint fluid and the blood. See Table 2 for other findings. The mother had 
one miscamage premous to the birth of the child but declined a Wassermann 
test. Patient was given local inunctions of mercur 3 '^ and referred for general 
antiluetic treatment. However, this was not carried out and the patient 
returned after 2 months with the condition unchanged. The' right knee was 
reaspirated and 20 cc. of fluid of the same character were obtained, which 
again gave a 4+ Wassermann. The patient again failed to carry out the 
antiluetic treatment for 4 weeks, when she finally returned with swelling 
and fluctuation of both knees. After 2 injections of bismuth, the right 
knee improved; however there was increased pain and swelling of the left 
knee. The patient is still under treatment. 

Case 4. — E. B., colored girl, aged 20 3 'ears. She complained of swelling 
of the right knee since childhood. At the age of 13 the leg was put in a 
plaster of Paris cast for 4 months; again in 1927 a cast was applied for 9 
months. At that time there was also swelling of the left anlde. There was 
no improvement by the treatment. Since February, 1930, she attended 
the night Clinic here and was treated unth diathermia and massage. The 
Wassermann in the blood was strongly positive at that time but only 
ph 3 ’^siotherapy was given until September, 1930. The patient was in good 
general condition. She had strabismus and defective teeth. There were no 
signs of congenital lues. The right knee was greatl 3 ’' enlarged, the capsule 
and ligament appearing to be h 3 'potonic. She had marked knock knees. 
One hundred and twenty cubic centimeters of a greenish, slightly cloudy 
pale fluid were aspirated on which the Wassermann was 4+- For other 
findings see Table 2. Mercur 3 ^ was given locally with arsphenamin and 
bismuth injections. Within 3 months a complete resorption of fluid took 
place and a check up showed a normal knee after 4 months. 

Case 5. — B. R., colored woman, aged 24 years. She complained of pain 
and swelling of the right knee for 3 3 'ears. She denied knowledge of luetic 
infection. Her general condition w'as fairty good but she was constipated. 
Teeth and tonsils were all right. There was moderate h 3 'drocephalic 
formation of the skull. She gave no history of serious disease of operation, 
and denied knowledge of syphilitic infection. The right knee joint was 
swollen and slight^ tender and fluctuated chieflj' in the suprapatellar 
pouch. There was no increase in local temperature. The patient walked 
mthout a limp. One hundred and twent 3 ' cubic centimeters of a thin, 
greenish, noncoagulating fluid were aspirated. The Wassermann was 3 to 4+ 
in the blood and fluid. The Roentgen ra 3 ’- was negative. She was given 
local mercur 3 ' ointment and referred for general antfluetic treatment. Due 
to a misunderstanding she did not appear for the general treatment. She 
returned a month later, however, with a reaccumulation of fluid and 40 cc. 
of a turbid, 3 'ellow fluid were aspirated. The Wassermann was 2+. For 
other results see Table 2. The patient was then ^ven 2 injections of novas- 
urol. Gingimtis and uterine hemorrhages appeared; however, the knee 
joint returned to normal and the blood Wassermann was negative. Check- 
up e.\amination 2 months later showed a normal knee. 

Case 6. — P., mechanic, aged 38 3 'ears, is married, has 2 healthy children. 
He denied S 3 'philitic infection. Eight months previously he arose suddenly 
from a chair and felt a snap in the right knee joint, followed b}' a swelling. 



Table 2. — Findings in Joint Fluids in 10 Cases of Syphilitic Arthritis. 
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The condition persisted in spite of physiotherapy. There was no pain and 
the patient continued working. He was in good general condition and had 
had no other serious iUness. There were no signs of rheumatic disturbances, 
nor remnants of luetic infection with, the exception of a hydrocephalus and 

2 hard nodes over the shafts of the tibia in about the middle of the leg. 
Roentgen ray showed congenital tubercles of the tibia. The right knee 
joint was irregularly extended by a bulging in front due to accumulation of 
fluid in the suprapatellar bursa and a large swelling of the posterior aspect, 
due to fluid in the popliteal bursa. Both cavities were aspirated by Dr. 
Saschin. The fluid from the suprapatellar bursa was slightly hemorrhagic. 
However, as the fluid was not examined until the next day, it cannot be 
definitely stated whether the blood was not admixed during aspiration. 
Thirty cubic centimeters of a very pale, thin, only slightly turbid fluid were 
aspirated from the popliteal bursa. The Wassermann was 4+ in both joint 
fluid and blood. See Table 2 for other results. The patient was given local 
inunctions and was advised to take general antiluetic treatment. This he 
neglected for 4 weeks; at the end of which time he still had swellings, 
especiallj’^ of the popliteal bursa. Under antiluetic treatment the swelling 
disappeared entirety from the suprapatellar and popliteal bursas. 

Case 7. — B. E., laborer, aged 45 years, denied knowledge of venereal 
disease. For 1 month he had had swelling and pain of the right knee joint 
and was treated with diathermia and massage without effect. One month 
later 60 cc. of fluid was aspirated by Dr. D. Sloane. The Wassermann 
reaction was 4+ in both joint fluid and blood. For other findings see 
Table 2. The patient was given mercur 3 ’^ ointment and general antuuetic 
treatment. Two months later the knee was practically normal. Styen 
months later there was recurrence of the effusion which quickly subsided 
under ph 3 ’’siotherapy. The Wassermann was negative. 

Analysis. This group represents a late stage of syphilitie infec- 
tion. Congenital lues may be assumed in the first 4 cases; 3 being 
children; the joint affection in the 4th da,tes back to the age of 6 
years. The date of infection cannot be ascertained in the remaining 

3 cases. The onset was recent in 4 cases (1 week to 2 months’ 
duration), and chronic in 3 cases (8 months to 14 years). The 
symptomatology is uniform, consisting chiefly of an effusion of tlie 
knee joint, bilateral in the first case and unilateral in the rest. In 
Case 3, effusion developed in the unaffected knee in the course of 
treatment. The process is almost entirely confined to an inflamma- 
tion of the synovial membrane. Even the very chronic cases do 
not present signs of involvement of other joint structure; there is no 
periarticular tiiickening nor muscle contracture. The Roentgen ray 
does not reveal atrophy or destructive or productive changes at the 
articular surface or metaphy'sis. For this reason, pain is very' 
moderate; active and passive motion and weight bearing are not 
markedly limited. Systemie reactions were absent; the temperature 
was normal; local heat was only^ slightly raised in the recent cases. 
The process is eminently stationary, not amenable to nonspecific 
treatment but still limited to the symovial membrane after years 

duration. _ .... 

Diagnosis. First tlie presence of syphilis and second the_ syTinili- 
tic etiology of tlie joint affection have to be proven. The history' of 
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infection was negative in this group. However, in 2 cases the, 
mothers had admitted miscarriages, 1 of tiiem having a strongly 
positive Wassermann. Other signs or remnants of syphilis were 
missing with the exception of a syphilitic keratitis in the first case. 
The Wassermann reaction was strongly positive in the blood serum 
and joint fluids. The diagnosis of sjTphilis is tlierefore almost entirely 
based on serologic evidence. This is sufficient, none of the complica- 
tions being present which are liable to produce nonspecific reactions. 

The second task, the proof of the syphilitic origin of the synovitis, 
is far more complicated. Jacket and Durand,^® Reschke,^® Brunauer 
and Hess,i'‘ Schlesinger,^ Todd,® Hoffmann” and others found that 
the Wassermann reaction in the joint fluid was often positive while 
the reaction in the blood serum was negative. -This would indicate 
a local production of specific antibodies and prove the syphilitic 
etiology of an effusion. However, the number of cases is limited 
and the authors did not give details of the technique. Poehlmann,” 
in a careful study, found that the Wassermann reactions in the joint 
fluids were positive only when the blood was likewise positive. 

My own studies^ ® and a recent investigation with Dr. Pinkus^® on 
the Wassermann reaction in 150 fluids corroborated and amplified 
these results. It should be emphasized that nonspecific reactions 
are likely to occur in joint fluids unless a rigid technique is followed. 
On the basis of these studies we do not accept a positive Wassermann 
reaction in joint fluids as conclusive proof of the syphilitic nature of 
the synovitis. However, it is of value as a link in the chain of evi- 
dence which is reached by complete examination of the joint fluids, 
consisting of cultures, gonococcus complement fixation tests, guinea- 
pig inoculations and cultures for tuberculosis. Positive results of 
these tests are regarded as evidence against the syphilitic etiology 
of the arthritis. A negative Wassermann reaction in the joint fluid 
of a known syphilitic is by itself a proof of tlie nonsyphilitic etiology 
of the artlwitis. 

A positive Wassermann reaction with otherwise negative findings 
in the joint fluids carries considerable -weight in favor of the specific 
etiology. However, the final decision is still reserved until the prog- 
ress and therapeutic response confirm the diagnosis. 

Interpretation of wealdy positive Wassermann reactions must 
be still more guarded in a case in -which infection is denied and other 
manifestations of lues are absent. Control examinations have to 
be carried out in the blood and fluid to ascertain the stability of these 
weak reactions and a prolonged nonspecific treatment should first 
be given. The failure of tliis procedure and tlie success of subsequent 
antiluetic treatment is tlie final indication of the significance of the 
weak Wassermann reactions. 

Of other findings in the effusion, the cell count studies do not 
give differential diagnostic clues. In recent cases the cell count was 
found to be high, going to 23,000 cells per c.mm., and the polymor- 
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phonuclears prevailed (up to 90 per cent).' In chronic cases the 
total of cells is low (250 per c.mm.) ; tlie polymorphonuclears decrease 
and the monocytes rise (as high as 90 per cent). In 2 cases the 
number of synovial cells reached 20 and 35 per cent respectively 
■which, according to mj;' studies,-^ indicates hypertrophic changes of 
the synovial membrane. 

The effusions did contain products derived from the circulation 
as well as from the hypersecretion of the synovial membrane. This 
is proven by a peculiar precipitation phenomenon, consisting in the 
formation of a sack or closed membrane, if a drop of the synovial 
fluid is let fall into a test tube of diluted acetic or hydrochloric acid. 
This test and its bearing on the origin of inflammatory effusions is 
discussed elsewhere.^^ 

The importance of bilirubin estimation in the joint fluids will be 
pointed out in connection with the clinical aspects. 

Pathologic evidence is deficient, as in anj^ otlier form of synovitis. 
It is not to be expected that the histologic examination will alwa 3 fs 
clinch tlie diagnosis, because syphilis produces, besides specific 
granuloma, nonspecific inflammatory pictures. This is brought out 
by the following reports: Scliuehard^® found in an acute case of 
sj'philitic sjmovitis, miliary gummata in the subsynovia. Borchard^ 
published a case of villus sjmovitis with gummata. Bosse^® did an 
exploratorjf excision of the synovial membrane in 3 cases and found 
a granulation tissue in 2 and gumma with giant cells and necrosis 
in 1 case of hereditary sj’-philitic arthritis. Bering-® as well as 
Hoffmann^'^ examined a sjmovial membrane in 1 case each, finding 
only nonspecific inflammatory changes. Chesney, Kemp and Baet- 
jer“^ produced sj^philitic orchitis in rabbits by injecting joint fluids 
from 3 cases of luetic arthritis. Unfortunatelj’- the experiment was 
not carried out simultaneously with blood studies; these patients 
being in tlie early secondary stage, the possibility that the spiro- 
cheta were carried into the fluid from the blood stream is not 
excluded. 

Clinical Consideration. Historj'^ of trauma was given in 4 patients. 
That injun^ ivas not the direct cause of the effusions is proven b,y the 
examination of the fluids. Recent traumatic effusions are hemor- 
rhagic; older effusions have a high icteric index (as pointed out in 
mj’’ recent study on the bilirubin content of synovial fluids-®). Only 
once a hemorrhagic fluid was obtained from tlie suprapatellar 
bursa; even in this case fluid from the popliteal pouch was free of 
blood. Therefore, admixture of blood during aspiration must be 
considered. The icterus index was low, with the exception of 1 case. 
On the otlier hand it is well known and confirmed by recent in^T?" 
tigation (hlichaeP®) tliat trivial injurj’- may provoke syphilitic 
manifestations, especiallj" in the late stages of lues. The discrej)anc.\ 
between the history of injurj' and the inflammatory character o 
the effusion contributes, tlierefore, affirmative evidence. 
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The onset of tlie synovitis occurred in 4 cases (57 per cent) 
between tlie ages of 4 and 8 years. This is significant, as in our 
material, children up to 14 years amounted to only 10 per cent of 
the total. In children syphilis is, next to tuberculosis, the most fre- 
quent cause of uni- or bilateral arthritis of the knee joints. 

Evidence of focal infection was only present in Case 3 where there 
was a tonsillitis. However, onset after slight trauma, absence of 
temperature, location, character of the effusion and response to 
treatment are against a septic or toxic etiology of the synovitis in 
this S3^philitic child. 

Therapeutic Evidence, The failm-e of nonspecific measures in this 
groups of synovitis is very suggestive. In 5 cases (Nos. 2, 4, 5, 6, 7) 
internal medication, local applications, physiotherapy, or plaster 
casts were applied without improvement. The effect of antiluetic 
treatment is the oldest evidence of the syphilitic nature of a given 
case of arthritis. James Russel,^® as earlji' as 1802 recognized venereal 
contamination as the cause of “one form of symptomatic dropsical 
swelling of the knee joint, in which the most powerful generic 
remedies are of no avail, unless the specific disease be first removed 
by a complete course of mercurj^” He also made the observation 
that recurrences happen and it is necessary to continue the treat- 
ment until the venereal disease is eradicated. The etiologic evidence 
is based on the reaction during the course of treatment as well as on 
the final result. 

At the beginning of the treatment either no change nor exacerba- 
tion of the symptoms occurred. Of special interest is the first case, 
which developed the bilateral effusion of the knee joints during a 
course of antiluetic treatment. This is evidently a Herxheimer 
reaction, due either to liberated endotoxins or to the effect of the 
drugs on hypersensitized tissues. The same reaction appears to be 
responsible for the involvement of the left knee in Case 3 during 
the treatment. As long as the dosage is insufficient no marked im- 
provement takes place. This is Avell illustrated in 3 cases (Nos. 3, 5, 6) 
where the application of energetic treatment was delayed for several 
months. The effect of the treatment in the intermediary stage can 
often be demonstrated by the decrease of the strength of the positive 
Wassermann reaction in the fluids. A full course of treatment is 
necessary to produce resorption of the effusion, and cure. This 
result was obtained in G cases, the 7th still being under treatment. 

Such interpretation of the effect of the treatment eliminates the 
objections that some of tlie antiluetic drugs, especially iodids, 
are efficient also in nonspecific arthritis. Our cases did not receive 
iodids at all and this drug is not an antiluetic in the strict sense of 
the word. Iodids are further effective chiefly in the hjqiertrophic 
type of artiu'itis developing past middle age. No evidence was pro- 
duced tliat it is of value in simple synovitis. We a:Te inclined to con- 
sider the cure of an arthritis in a syphilitic, after insufficient doses of 
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specific treatment, rather as evidence against the syphilitic nature 
of the joint involvement. A failure of energetic and prolonged anti- 
luetic treatment in this group, where the process is limited to the 
synovial membrane, should also be regarded as an indication of a 
different etiology of the synovitis. If therefore, a latent syphilitic, 
who has undergone full courses of treatment and is serologically 
negatives, develops an arthritis, we are quite convinced of the non- 
luetic etiology of the joint condition. None of our patients had 
received any antiluetic treatment previously. Recurrences, how- 
ever, are not to be'interpreted as evidence against the luetic etiology, 
any other manifestation of syphilis being liable to recur. It may 
indicate rather the need of a new course of treatment. 

B . Syphilitic Synovitis with Juxta-articular Gusevia. 

Case 8.— J. P., colored man, aged 40 j'ears, is married, and his children 
are healthjL His wife had no miscarriages. He denies knowledge of 
venereal diseases. For 6 months he had had pain and had noticed a tumor 
at the outside of the left knee. He is in good physical condition and there 
are no signs or remnants of lues. At the lateral aspect of the Imee joint 
there was a fibrous tumor about the size of a pigeon’s egg. The joint was 
moderately distended by the fluid, and there was slight limitation of motion. 
At operation (by Dr. M. Galland) this tumor was found to be connected 
with the capsule of the joint. The joint cavity was opened during removal. 
The sjmovial tissue appeared to be inflamed and hjpertrophic, with enlarged 
villi. About 10 cc. of a yellowish sjmovial fluid were obtained. The Was- 
sermann reaction was 2+ in the blood and joint fluid. No sjmowal tissue 
was removed for examination. The tumor consisted of a yellow, fibrotic 
tissue. Microscopic slides showed a dense infiltration with round cells, 
especially perivascularly. There were some epithelioid cells and tubercu- 
loma-like lesions vath numerous giant cells. The histologic diagnosis by 
Dr. Henry L. Jaffd was gumma. After operation, a considerable effusion 
appeared and 20 cc. of a cloudy fluid were aspirated. The patient was given 
antiluetic treatment and discharged. For other findings see Table 2. 

The diagnosis in this case is chieflj" based on the histologic findings of 
juxta-auricular gumma. The weakl}^ positive IVassermann in the joint 
fluid and the blood would have needed confirmation by repeated serologic 
examinations of the blood and joint fluid and a prolonged obsen'ation of tlie 
effect of both the specific and nonspecific treatment. 

C . Syphilitic Synovitis with Osteochondritis. 

Case 9. — I. D., a well-developed colored boy, aged 8 years, complained 
of pain in the left elbow and knee joint for 2 weeks previously. The elbow 
was normal; the knee was swollen and distended with fluid. Walking was 
possible witiiout a limp and the pain on motion was only slight. There 
was no increase in general or local temperature. Sixty cubic centimeters of 
fluid were aspirated from the left knee. The Wassermann was 4-f. Beac- 
cumulation of fluid occurred in 12 daj's and 40 cc. of greenish, turbid fluid 
were aspirated. The Wassermann was S-f. For further findings see 
'Table 2. The patient received only local applications of mercury and when 
he returned 1 month later both Imee joints were swollen and fluctuatinc. 
The pain was only slight and the patient continued to walk. The blood 
Wassermann was 4+ and the Roentgen ray showed gouged-out areas at 




F:g. 1.— Case 8. Effusion in the right knee joint. Arrow indicates gouged-out 
area at osteochondral junction of the lateral condyle of the femur, and beginning 
periostitis. 



Fig. 2. — Case 10. Ankylosis of the left elbow. Rarefaction and sclerosis of the 
articular surface of the humerus (gumma) and periostitis. 




Fig. 3. — Case 10. Effusion in the left knee joint. Gumma at patellar groove 
of the condyle of the femur (arrow to lateral view) and periostitis (arrow to antero- 
posterior view). 
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the osteochondral junction of both condyles of the femur and chondro- 
periostitis. The patient is now under general antiluetic treatment and the 
swelling has diminished. 

In this case of congenital siTJhilis, the joint involvement consists of sjmo- 
vitis and early destructive and productive processes of the articular surfaces 
which are manifest in the Roentgen ray pictures. This strengthens the 
e\adence of the sjTjhilitic etiology; indeed, Dr. Pomerantz, director of 
Roentgen ray laboratory, made the diagnosis of congenital sjT)lulitic 
arthritis from the Roentgen ray appearance alone. 

D. Syphilitic Synovitis of the Left Knee Joint and Gumma 
AT THE Condyle of the Femur. Destruction and 
Ankylosis of the Right Elbow. 

Case 10.— K. A., aged 27 years, in good general condition, denies 
syphilitic infection. He has had a bowing of the anterior aspect of the 
tibia since childhood. There has also been pain, swelling and stiffness of the 
right elbow, which progressed in spite of nonspecific treatment. On exami- 
nation, the right elbow was found to be deformed and fixed in about 100 
degrees of flexion. The Roentgen ray picture showed obliteration of the 
joint space and bony ankylosis, irregular rarefication and sclerosis of the 
articular surfaces of the humerus, periostitis at the metaphysis, especially 
pronounced at the medial epicondyle of the humerus (Fig. 2), The left 
knee joint was swollen for 1 year. The patient walks with a limp and the 
knee joint was distended with fluid. Twenty cubic centimeters of greenish, 
turbid fluid were aspirated. The Wassermann test was 4+ in blood and 
joint fluid. For other findings see Table 2. The Roentgen ray showed peri- 
ostitis of the metaphysis and epiphysis of the femur. An area of rarefica- 
tion and sclerosis is seen at the patellar groove of the femur and at the 
lateral condyle. The appearance is characteristic of gumma (Fig. 3). 
There is a small gouged-out area at the chondro-osteal junction of the 
medial condyle of the tibia. The patient received antiluetic treatment and 
the knee joint is ^eatly improved. 

The negative liistory of infection and the malformation of the tibia 
indicate that this is a case of congenital syphilis. Two stages of a progres- 
sive, destructive syphilitic arthritis are presented. The pathologic process 
in the left knee joint shows chiefly sjmovitis and gumma at the articular 
surface of the feinur. Although the Roentgen ray appearance is character- 
istic, involving chiefly only one epiphysis, the diagnosis of tuberculous 
arthritis was made by 2 radiologists. The older process at the elbow joint 
illustrates the disastrous effect of the diagnostic error. Here the process has 
led to destruction and ankylosis of the joint. The importance, therefore, 
of a careful analysis and complete examination of the joint fluids is re- 
emphasized. 

Tabetic Arthropathy. The joint fluid and the blood serum in 
, 1 case gave a negative Wassermann reaction. In another case, not 
included in this series, both reactions were strongly positive. This 
fluid was hemorrhagic. These findings tend to co^rm the view 
that the tabetic joint clianges are produced by continuous injury 
and disorganization, due to loss of nerve function. Similar change's 
are found in traumatic and degenerative cord lesions (syu-ingo- 
myelia). 

Tabetic arthropatliy should therefore be eliminated as a form 
of syTphilitic arthritis and included in the group of neuropathic 
arthropathies. 
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_ Summary. A well-defined group of syphilitic' arthritis with effu- 
sions was, isolated from the great variety of joint affections attrib- 
uted to syphilis. 

In a series of 112 cases of artliritis with effusion of various etiol- 
ogy and stage, this type of syphilitic arthritis is represented by 9 
cases (8.1 per cent). 

All occurred in the late stage of infection and at least 5 in congeni- 
tal syphilis. None of tlie remaining 4 cases admitted infection; 
none had received antiluetic treatment. 

The knee joint was involved in all cases; no other manifestations 
of lues Avere present in 8 cases. 

The Wassermann reaction in tlie blood and joint fluid was strongly 
positive in 8 and weakly positive in 1 case. 

The joint involvement was confined to an inflammatory process 
of the synovial membrane in 7 cases. One case was complicated 
by juxta-articular gumma; and another by osteochondritis and 
periostitis. Finally, 1 case Avhich does not belong to this series pre- 
sented a destructive form, leading to ankylosis of the left elboiv and 
gummatous arthritis of the left knee joint. 

Conclusions. The diagnosis has to establish first the presence of 
syphilis. In 7 cases this ivas based on the Wassermann reaction; 
in 2 cases other manifestations of lues were present (parenchymatous 
keratitis and juxta-articular gumma respectively). 

More complicated is the second task, the proof of the syphilitic 
etiology of the joint affection. The complete examination of the 
joint fluid is necessary to rule out other conditions. 

The positive Wassermann reaction in the joint fluid, in combina- 
tion Avitli negative other findings, is the most important evidence. 
The discrepancy between a history of trauma and the inflammatory 
character of a joint effusion in a syphilitic is suggestive. 

Also the age incidence furnishes some clues, syphilitic arthritis 
being most frequent in children and young adults. The clinical 
picture of a monoarthritis or bilateral involvement of the knee 
joints Avith only slight degree of pain, muscle spasm, and pen- 
articular thickening AAuthout systemic manifestations, is further 
pertinent. 

Roentgen ray eAudence is aAmilable only AAdien pathological 
changes have occurred at the articular surface, a condition ukich 
was present in 2 of our cases (20 per cent). 

The therapeutic cAudence is based on the inefficiency of nty- 
specific and a characteristic response to specific tlierapj^ consisting 
of no evident change or exacerbation of the type of the Herxheimer 
reaction after initial doses, and tlie final success of the full course ot 
treatment, in the cases where destruction of tlie joint is not too lar 


advanced. ,. , , 

Accurate diagnosis and successful treatment accomplish iaao 

results: first tliej’^ restore the joint; and second they help o 

eradicate the sj'philis. 
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Note.— The material for tliis paper was derived from the ortliopodic services of 
Drs. Harry Finkelstein, Herman Frauenthal, Samuel Kleinberg and Leo Mayer, to 
whom I wish to express my gratitude. 

Case 10 was a private patient of Dr. Harry Sonnenshein, to whom I am indebted 
for the use of the case for publication. 

I wish also to thank Dr. Maurice Pomerantz, director of Hie Roentgen ray Raboraf 
tory of the Hospital for Joint Diseases, for his cooperation in the study of the Roent- 
gen ray plates. ' 
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ASEPTIC PURULENT MENINGITIS. 

Report of Six Benign Cases. 

By G. a. Young, M.D., 

PROFESSOR OF NEUROPSYCHIATRY, UNIVERSITY OF NEBRASKA, COLLEGE OF 
MEDICINE, OMAHA, NEB., 

AND 

A, E. Bennett, M.D., 

INSTRUCTOR IN NEUROPSYCHIATRY, UNIVERSITY OF NEBRASKA, COLLEGE OF 
MEDICINE, OMAHA, NEB. 

(From the Neinologio Department of- the University of Nebraska, College of 

Medicine.) 

The complication of a purulent menmgitis secondary to neighbor- 
hood suppurative foci in the head or systemic infection is almost 
always considered to be a grave malignant condition. The occur- 
rence of a series of 6 rather unusual cases of secondary purulent 
meningitides of benign character with recoveries in all has prompted 
this investigation of the subject. 

There is an extreme paucity of literature upon the subject and 
we had difloiculty in finding cases similar to ours, but we believe 
there must be a larger number of these cases than the literature 
would indicate. 

In reviewing the literature of benign .cases of meningitis other 
than the epidemic type, we investigated the following author’s 
studies: Mygind^ reported a series of 210 cases of otogenic menin- 
gitis and found 59 cases (28 per cent) recovered. The greatest 
number of these benign types of meningitis were secondary to 
lateral sinus thrombophlebitis. Only 10 per cent of the cases that 
recovered contained bacteria. Those that contained bacteria and 
recovered were usually streptococcic. Other pyogenic bacteria 
were more malignant. There are a few other isolated case reports 
of secondary streptococcic meningitis with recovery although it is 
common knowledge that streptococcic meningitis has a mortality 
of about 90 per cent. In the case reports of recoveries there has 
usually been a removal of the primary focus of infection, i.e., mas- 
toidectomy or lateral sinus drainage with jugular ligation, etc. 
Huenchens^ reports such a case. WaltlialP reported a case of men- 
ingitis, similar to ours, secondary to mastoiditis and extra dural 
abscess tliat showed a sterile purulent spinal fluid and recovered. 
Estiu and Lenci^ report a case of aseptic purulent meningitis of 
unknown etiology with recovery. 

Viets and Watts® reported 5 cases of aseptic lymphocytic menm- 
gitis, all of whidi had low spinal fluid cell counts and a sjTnptom 
. fcomplex similar to encephalitis or a meningitic type of poliomyelitis. 
This in our opinion is an entirely different tj^ie of meningitis from 
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our cases and it is difficult to prove this type as a meningitic clinical 
entity. Guenther® from the Gothenburg pediatric clinic in an exten- 
sive article upon this type of meningitis, reported 13 cases of men- 
ingitis also showing a lymphocytic reaction in the spinal fluid. In 
his review of the literature he found about 100 similar cases over 
a 20-year p:eriod. He concluded that these are acute aseptic menin- 
gitides of unclear etiology and attempted to establish a nosologic 
entity. However, he admits they resemble meningitic poliomyelitis 
or encephalitis. Tuberculosis was excluded because the cases tend 
to recover. 

Quincke,'^ the originator of spinal puncture, established a clinical 
entity called meningitis serosa. This is an aseptic t3T)e secondary 
to neighborhood or systemic infection, but shows little if any cellular 
reaction in the spinal fluid. Apparently this type is a toxic meningi- 
tis or so-called meningismus. 

Baudouin® reported an interesting case of aseptic purulent menin- 
gitis following cerebral concussion without skull fracture. The 
case recovered promptly and the author concluded the case was the 
result of cerebral irritation secondary to the contusion. This case 
may have been simply meningeal reaction secondary to absorption 
of small hemorrhage. 

Capecchi® reported a case of traumatic meningeal apoplexy, com- 
plicated by two attacks of aseptic purulent meningitis at monthly 
intervals, that recovered. He concluded the meningitis was secon- 
dary to a circumscribed infection in the neighborhood of the meninges 
from the skull fracture. This case is similar to Case 4 in our series. 

Although the etiology of the purulent meningitis cannot be proved 
in all our cases, the clinical evidence is strong that in 4 cases the 
meningitis was secondary to ruptured brain abscesses and in 2 from 
ruptured cysts. In all cases the spinal fluid was cloudy (purulent) 
containing a high percentage of polymorphonuclear cells and all 
were sterile upon culture. One case was apparently of traumatic 
origin. Spinal drainage was used in all cases except 1 that required 
the relief of subarachnoidal blockage first by a cerebellar decom- 
pression and later by ventricular drainage. The most valuable 
prognostic criterion has been the sterility of the spinal fluid; namely, 
absence of bacteria either in smear or culture. 

Case Reports. Case 1.— Ruptured subdural abscess \vith secondary 
aseptic purulent meningitis, from sinus disease. 

T. A., aged 35 years, married, had an exenteration of the ethmoid sinuses 
on May 17, 1929, on accouiit of intermittent pain over the eyebrows and 
was disnnssed from the hospital in good condition. On the way home from 
the hospital (May 20) a sudden upper cervical pain, throbbing and shooting 
in character, from the occiput to the shoulders developed. The pain in- 
creased in severity and was made worse upon head movement and coughing. 
It was accompanied by vomiting at times. The patient returned to the 
hospital. 

Examination on May 21, 1929, revealed a very sick man, temperature 
101 F., \\ith a rigid neck that produced marked pain upon attempted 
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flexion of the head. All deep reflexes were exaggerated, tremor was present 
,,in the hands. Bilateral Kernig’s signs were present but focal paralytic 
signs were absent. The spinal fluid was markedly increased in pressure, 

. containing 1000 cells, with 90 per cent polymorphonuclears per cubic 
; millimeter. Thirty cubic centimeters of fluid was removed and antimeningo- 
coccic serum given intracisternally. The smears of the fluid revealed no 
bacteria, but marked cellular degeneration was present. Repeated cultures 
on brain broth and blood agar were sterile. 

Progress: On the 22d the patient was lethargic, a slow pulse and a ' 
partial right third nerve palsy appeared. The blood showed a leukoc 3 dosis 
of 25,300, of which 90 per cent were polymorphonuclear cells. Daily 
spinal or cisternal drainages were done. By the 25th the pressure was 
normal and the cell count 230 per c.mm.; on the 21st, 1000 cells and 3000 
cells; 22d, 7000 cells; 24th, 900 and the 25th, 230. On the 23d, on account 
of the right third nerve palsy, a frontal trephine was made on the right side 
through the frontal sinus. This region was explored subdurally back to 
the sphenoid region without locating a source of pus. A puncture of the 
anterior horn of the ventricle revealed clear fluid. The patient left the 
hospital in 2 weeks, sjunptom free and has continued in excellent health. 

Roentgen rays of the ethmoids showed them poorly visible, the right 
sphenoid was either not developed or diffusely cloudy. 

I Comment. This case represents an aseptic purulent meningitis 
secondary to ethmoid and sphenoid .sinusitis arid was probably the 
result; of a ruptured sterile subdural abscess. The clinical picture 
was that of a malignant meningitis at first but repeated spinal fluid 
studies, with the degenerated type of cells and the absence of bacteria 
soon revealed the benign character of the pathology. 

Case 2. — Ruptured subdural abscess ■noth secondary aseptic purulent ' 
meningitis from sinus disease. 

Mr. E. R., aged 28 years, single, was admitted to the hospital September 
18, 1929. The following history was obtained from the parents. For the 
past year the patient had suffered from a dull frontal headache, diagnosed 
as chronic sinusitis. Five intranasal operations had been performed. 
About 10 days pre^^ousl}^ the headaches became more severe. On Septem- • 
ber 16, the headache suddenlj'^ became worse, the patient vomited and 
became delirious. At this time the familj’^ phj'sician found a suggestive 
Kernig reflex, leukocytosis of 24,000 and sent him to the hospital vdth a 
diagnosis of brain abscess. During the automobile trip of 300 miles the 
patient was irrational and violent, and was admitted under the influence 
of narcotics. 

Examination; The patient was very restless and delirious, both optic 
disks were slightlj"^ blurred, marked neck rigidity and bilateral Kernig were 
present. The reflexes were all hj^ieractive, no focal paralj^ses were present. 

A spinal puncture showed pressure of 30 mm. of mercur 3 \ The fluid was 
purulent containing 3000 cells, 90 per cent of which were pobmorphonuclear 
cells, but no organisms were found in the smear. The protein content was 
45 mg. per 100 cc. The fever ranged from 100° to 102° for 17 da 3 's; pulse, 

64 to 100; the blood leukoc 3 des, 18,700, of which 88 per cent were pob'- 
morphonuclears. 

Head Roentgen ray stud 3 ' demonstrated the frontal sinuses as pneumatic. 
The right ethmoids showed some haziness in outline. The posterior eth- 
moids appeared to be broken dorni and the area represented by thickened 
membrane. The posterior sphenoids on the left were well visualized. It 
was the opinion of the roentgenologist that the ethmoids had been the seat 
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of previous infection, the brunt of which had been carried by the left middle 
ethmoids. 

Progress: On the 19th the severe headache continued, the patient was 
in stupor, involuntary muscular twitchings were present, but no focal 
neurologic signs were present. The spinal fluid under 14 mg. of mercury 
pressure was less turbid, the cell count was 1000 per c.mm. The cultures of 
the fluid were all sterile. Spinal drainage was continued daily with _ a 
gradual clearing up of purulency; after about 4 weeks the patient was dis- 
charged from the hospital, continuing to feel somewhat weak and suffering 
from headache which gradually lessened in severity. _ At the present time 
the patient is symptom free, working and apparently in normal health. 

Comment. This case was very similar to Case 1, namely, secon- 
dary purulent meningitis from ethmoid sinusitis with a probable 
intermediary stage of subdural abscess with final rupture producing 
a sterile meningitis. Again repeated spinal fluid studies revealed 
the benign character of the disease Avhich at first seemed malignant. 

Case 3. — Staphylococcic bacteremia, multiple body abscesses, sinusitis, 
osteomyelitis of frontal bone, left frontal lobe abscess with recurrent 
attacks of purulent aseptic meningitis. 

Mrs. G. T. D., aged 25 years, was first admitted to the University Hos- 
pital on August 7, 1925, vdth simiptoms and findings of acute left frontal 
and ethmoid sinusitis. The examination was negative except for a markedly 
swollen left eye, bilateral optic neuritis, fever and leukocytosis. Head 
Robntgen ray showed extensive left frontal osteomyelitis. On August 8 and 
15, sinus operations were performed on the frontals and ethmoids. On 
August 21 a breast abscess was drained and on the 26th an abscess was 
opened in the region of the right hip. At this time the patient was very 
toxic and at times was irrational. The blood culture was positive for staph- 
ylococcus aureus. In November intracranial pressure sjnnptoms appeared 
in the form of stupor, increasing headache, and vomiting. Right-sided 
pyramidal tract signs were present. On November 25 a trephine was made 
by Dr. J. J. Keegan, through the left frontal sinus region and a brain abscess 
was drained from the left frontal lobe. About 1 ounce of pus was removed 
from which a pure culture of staphylococcus was cultured. The patient 
continued to run a stormy course; from the onset fever was constantly 
present as high as 105° F. for GO days. On .January 7, 1926, there was 
considerable cortical herniation with sloughing tissue. On Januar}’’ 28, 
1926, this herniation was cut away and a large sequestrum was removed 
from the orbital plate. Blood cultures were positive for staphylococci on 
2 occasions, the leukocytes were usually high from 24 to 30,000. On Feb- 
ruary 11, 1926, the patient was dismissed from the hospital in fair condition. 

The patient was readmitted on June 26, 192'8, on account of recurrent 
cerebral symptoms in the form of right-sided commlsive seizures, attacks 
of aphasia, stupor and fever, vdth temperature of 105° F. Signs of menin- 
gitis were present. Daily spinal punctures were performed. The fluid 
was cloudy and under markedly increased pressure vith cell counts ranging 
from 200 to 3000, of which 90 per cent were pobunorphonuclear cells. All 
specimens were sterile to culture upon a number of different media. The 
left frontal region was again explored and more pus was drained. The 
patient left the hospital in fair condition in about 3 weeks’ time. 

On October 15, 1928, the patient was- again readmitted in a critical 
condition on account of the same sjmiptoms present in June. At this time 
the spinal fluid was again 20 to 22 mm. of mercurv pressure, turbid with 
polymorphonuclear cells from 500 to 1000 per c.mm. All cultures of the spinal 
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fluid were again sterile. Double choked disks of 4 diopters were present. 
On November 20, the patient was again explored in extremely Critical 
condition and about 1 ounce of creamy pus drained from the frontal lobe. 
A stormy convalescence followed with recurrent attacks of meningitis. 
On December 4, when the spinal fluid contained 4000 cells per c.mm. only 
about 5 cc. of fluid could be drained, the condition suggesting a block of the 
foramen magnum. The spinal fluid cultures were still sterile, but each 
culture from the brain abscess contained staphylococci and at one time 
some streptococci. The fever was high, up to 104° F. for 35 da 3 ^s. On 
the 88th day the patient was again dismissed in fair condition. 

The patient returned again for a few days' observation in 1929 on account 
of a psychoneurotic upset. In 1930 she went through a normal pregnancy 
and has sho^ no other evidence of return of the infection. The patient 
was reexamined in March, 1931, on account of occasional convulsive 
seizures. An encephalogram showed moderate hydrocephalus and exten- 
sive arachnoiditis, especially over the left frontal lobe. She probably will 
continue to suffer from symptomatic epilepsy. 

Comment, This patient represents an interesting type of recur- 
rent sterile purulent meningitis secondary to chronic brain abscess. 
The etiology was sinusitis complicated by osteomyelitis and a staph- 
ylococcemia. It seems an accident that this patient recovered, as the 
disease was ahvays of malignant character. By the time the cere- 
bral complications occurred the patient's immunity was high or the 
organisms reduced in virulence. It is interesting that organisms 
were easily cultured from the brain abscess but could never be 
demonstrated in the spinal fluid. 

Case 4. — Head trauma followed by two attacks of cerebrospinal fluid 
block, ruptured brain abscess with purulent aseptic meningitis. 

Mr. H. A., aged 20 years, when first examined on April 26, 1925, gave 
the following history; On February 16, 1924, the patient slipped and fell 
upon icy ground striking the occiput on a tree. He got on his feet imme- 
diately, walked 3 blocks then fell unconscious. He remained unconscious 
for 4 hours. Upon coming to, the patient suffered severe pain in the occiput 
and back of neck and felt nauseated. After 1 week’s osteopathic treatment 
the patient felt well and returned to work. 

Several days later upon stooping he noticed a headache, w'hich continued 
with exacerbations upon effort or hard work. In March and April, 1925, 
the headaches became more intense and at times were accompanied by 
vomiting. 

At the examination on April 26, the patient w'as groaning with pain, 
pulse rate 46. The facies were flushed, retracted ripd neck and double 
choked disks were present. An acute cerebrospinal fluid block was obvi- 
ously present. The patient was taken to the hospital immediately. Dr. 

J. J. Keegan performed a suboccipital decompression. The dura was very 
distended and the arachnoid appeared thickened. A tentative diagnosis 
of arachnoiditis was made. Later events indicate that the condition was 
entirely a pressure phenomenon. , i r 

Following the operation the acute pressure sj^mptoms subsided, the necK 
rigidity remained for several weeks before subsiding. 

Reexamination on May 23, 1925, showed no objective neurologic findings, 
although the patient still complained of some headache and dizzmess. On 
August 23, 1925, the neurologic examination was negative; the patient 
Ws doing light work and felt w-ell. 
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On December 5, 1925, the spinal fluid was under 16 mm, of mercury 
pressure. The cell count, protein content, Wassermann and Lange tests 
were negative. The patient complained of dizzy spells. _ Outside of the 
increased spinal pressure reading the examination was again negative. 

In February, 1926, another examination was noimal, the spinal pressure 
was 12 mm. of mercury. On August 23 the patient was hospitalized again 
for spinal puncture. The physical and neurologic examinations were 
normal. The spinal pressure was 10 mm. of mercury. A few hours following 
the puncture, the patient complained of sudden severe head pain, and 
vomited. The temperature was 101° F., pulse 55 to 65, the head was 
retracted, neck rigidity and bilateral Kernig were present. The findings 
were those of an acute cerebrospinal fluid blockage. Dehydration treat- 
ment was ineffectual. A ventricular puncture was done and 45 cc. of 
purulent spinal fluid was removed which contained 3200 pus cells per 
cubic millimeter. No organisms were found on smear and the fluid was 
sterile to culture. Following the ventricular drainage the patient's condition 
improved, the fever gradually subsided and the leukocyte count of 22,000 
became normal. 'The patient was dismissed in fair health on August 31, 
1926. The diagnosis was ruptured sterile brain abscess with secondary 
aseptic purulent meningitis. 

The patient has been reexamined at frequent intervals since that time 
but he has not shown any symptoms of recurrent trouble. At present he 
is working and apparently in normal health. 

Comment. In this case the primary etiology is difficult to explain. 
The entire symptom complex apparently began with the head 
trauma. The most logical explanation for the purulent meningitis 
was a ruptured sterile cerebral abscess. The nature of the abscess 
formation is difficult of explanation. The abscess ruptured into the 
ventricles rather than into the subarachnoid space. The abscess 
produced 2 attacks of foramen magnum blockage which required 
first a cerebellar decompression and later a ventricular drainage for 
relief. The final rupture of the abscess was possibly produced by a 
spinal puncture. The meningitis, although purulent was again of 
aseptic character as shoum by absence of bacteria. 

We have recently observed another interesting case of cerebral 
abscess that followed a stab wound in the frontal bone about 14 
years ago. The abscess ruptured while the patient was under 
observation in the hospital. The resultant meningitis was not 
entirely aseptic as organisms were cultured upon one occasion, 
after 72 hours’ incubation. In spite of the relatively benign char- 
acter of the meningitis the patient died. The necropsy revealed 
the traumatic abscess entirely evacuated. There still remained 
some fibrinopurulent exudate in the subarachnoid cisterns. There 
was no cerebral edema and the brain sections were normal. The 
cause of death was obscure. We have not included this patient in 
our series because the meningitis was not entirely aseptic. The 
clinical picture was similar to Cases 1 and 2 and the meningitis 
was of benign tjqie. The bacteria found were not of virulent tjqie 
and could only be demonstrated with great difficulty. 
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probably sterile at the time of ruptoe. All cases recovered and all 
the spinal fluid cultures were sterile. In 2 cases the apparent 
etiology of the presumed subdural abscess was chronic sinusitis. 
In 1 other case the abscess (intracerebral) was secondary to frontal 
sinusitis that had also produced a metastatic pyemia. In 1 case 
the etiology was not clear, but it was presumed that an intracranial 
abscess developed posttraumatic, finally rupturing into the ven- 
tricles. In 2 cases puriform meningitis followed ruptured cysts, 
1 a brain cyst and another a ruptured meningocele. 

The most valuable diagnostic guide was the spinal fluid studies. 
In some cases, cellular degeneration, debris and atypical cells were 
present that suggested a lining membrane from abscess or cyst. 
This observation gave a clue that the meningitis was secondary to 
ruptured tumor. In all cases the absence of bacteria upon repeated 
smear and culture studies indicated a benign or sterile tj'pe of 
inflammation. 

Spinal drainage was the most important single therapeutic 
procedure. In 1 case pressure complications required decompres- 
sion and ventricular drainage. 

We believe that this tjqie of benign meningitis is more common 
tlian the literature review would indicate and may account for some 
reported recoveries of tjqies that were presumed to be of malignant 
character. 

In our opinion the etiologic factor of secondary meningitis from 
ruptured brain abscess should be more frequently considered in a 
differential diagnosis of atypical meningitides. Vigorous spinal 
drainage should be instituted in cases of secondary meningitis in the 
hope that the infection is benign. 
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SPASMODIC TORTICOLLIS; RESULTS OF REMOVAL OF FOCI OF 

INFECTION AND TREATMENT WITH SPECIFIC VACCINE.=^ 

/ 

By Edward H. Rynearson, M.D., 

FIHST ASSISTANT, DIVISION OF MEDICINE, THE MAYO CLINIC, ROCHESTER, MINN. 

AND 

Henry W. Woltman, M.D., 

ASSOCIATE IN NEUROLOGY, THE MAYO CLINIC AND ASSOCIATE PROFESSOR OF NEUROLOGY, 
THE MAYO FOUNDATION, ROCHESTER, jnNN. 


Betr'^een January 1, 1910, and January 1, 1929, 534 patients 
suffering from all types of torticollis were admitted to The Mayo 
Clinic. For this study patients who had suffered from the spas- 
modic type of torticollis and who had received medical treatment 
were considered. Patients suffering from other tjTpes of torticollis 
and all of those who had undergone orthopedic or neurologic surgi- 
cal procedures were not included in this study. Thus, there were 
left for our study 247 patients to whom letters of inquiry were 
addressed and from whom we obtained 100 replies. These were 
carefully studied, and 18 were excluded because of insufficient data, 
the death of the patient (in no instance attributable to torticollis) 
or because the patient presented associated neurologic disturbances. 

Of the 82 patients who remained 39 were women and^ 43 were 
men. The average age of the patients at onset of the condition 
was 39 years ; their average age at the time of admission to the clinic 
was 44 years; the average duration of symptoms prior to their admis- 
sion to the clinic was 5 years. The average duration of symptoms 
of patients who continued to suffer from torticollis at the time of 
this inquiry was 12 years. Those patients who reported complete 
disappearance of all symptoms had had their symptoms for an 
average of only 3| years. 

At the time of the inquiry 44 patients (54 per cent) had not 
improved, 16 patients (19 per cent) were entirely relieved of the 
torticollis and 22 patients (27 per cent) reported improvement. 
It is difficult to evaluate the group listed as having “improved” 
for this is purely the patient’s personal opinion. We have, there- 
fore made no effort to separate this group into degrees of improve- 
ment. In some aspects of the study we were interested in knowing 
in how many cases the torticollis was stationary, and in how many 
there was improvement, either partial or complete. In such 
instances the cases in which the condition had improved and in 
which it had disappeared were listed together. 

Removal of foci long has been advocated as an essential part of 
treatment. In determining the results which followed removal of 
foci of infection it is necessary to know whether the patient for 


* Submitted for publication, June 1, 1931. 
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whom removal of foci was advised had followed the advice. Fifty- 
four of 58 patients who had been advised to have teeth removed 
followed the advice; 4 did not. Five of the 21 patients who were 
advised not to have teeth extracted followed the advice; the other 
16 of these 21 did not state whether they had had teeth extracted. 
Tn 3 cases it was not stated what the advice had been concerning 
extraction of teeth, nor did the patients state what course they had 
followed in this respect. Thirty-seven of the 42 patients for whom 
tonsillectomy was advised underwent the operation; 5 did not. 
Of the 33 patients for whom tonsillectomy was not advised 1 had 
the tonsils removed, 17 of the 33 did not (in 11 of these 17 cases 
tonsillectomy had been done before the patients were admitted at 
the clinic), and 15 of the 33 did not state whether or not they had 
had their tonsils removed. In 7 cases it was not stated whether or 
not the patients had been advised to undergo tonsillectomy and the 
patients did not state whether or not they had undergone the 
operation. 

In Table 1 is a comparison of the number of patients for whom 
tonsillectomy and removal of teeth, either or both, was advised. 
Thirty-five patients gave evidence of focal infection in both teeth 
and tonsils. In only 1 instance was focal infection elsewhere in 
the body found and treated ; this patient had a nonspecific infection 
of the prostate gland. 


Table 1. — Cases in Which Removal .or Teeth and Tonsils, Either or Both, 

WAS Advised. 

Infected teeth. 



Extraction 

adviBed. 

Extraction 
not advised. 

Not 

stated 

Total 

Infected tonsils; 

Removal advised . 

. . . 35 

7 


42 

Removal not advised 

... 23 

10 


33 

Not stated .... 



4 

3 

7 

Total 

. 58 

21 

3 

82 


In Table 2 the cases are listed as to whether foci of infection were 
removed. The table notes, furthermore, whether, on the one hand, 
torticollis had remained stationary, or, on the other, whether it had 
disappeared or improved. There was a difference of 15 per cent in 
the improvement or disappearance of the torticollis in favor of 
removal of foci. There are, of course, factors which might afiect 
the validitj'' of this difference of 15 per cent. The largest factor is 
the possibility that this may be merely a sampling difference; in 
other words, that a similar group of 82 patients might not reveal this 
difference. Using the Chi square theorj’- of determining tlie prob- 
able significance of the difference between proportions, it is found 
that there are 79 in 100 chances that this is a difference greater 
than would arise from sampling. In order to have a 96 per cent 
chance of this difference of 15 per cent being absolutely valid, it 
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would be necessary to have a series of 221 cases. Although we are 
unable to determine with absolutely certainty that this is a sig- 
nificant difference, yet we have reasonable grounds for the assertion 
that the difference between 51 per cent improvement or cure after 
removal of foci and 36 per cent without removal of foci is of sufficient 
significance to warrant continuance of this procedure. 

Taulb 2.— Improvement and Lack op It in Relation to Removal of Foci and 

Continued Presence op Foci. 



Condition of torticollis. 


Per cent of 


— — ' 

* ^ 


patients 


.Station- 

Improved or 


improved 


ary. 

disappenrod. 

Total. 

or cured. 

Foci of infection removed 

. 2S 

29 

57 

51 

Foci of infection not found or 

not 




removed 

. 16 

9 

25 

36 

Total 

. 44 

38 

82 

46 


The other form of treatment most commonly advised was the use 
of specific vaccines. 


Table 3.— Improvement and Lack op It in Relation to Adequate, Inadequate 
and no Treatment by Specific Vaccine. 


Condition of torticollis. 



Unim- 

proved. 

Improved or 
disappeared. 

Total. 

Improved or 
disappeared 
(per cent). 

Adequate specific vaccine therapy 
Inadequate or no specific vaccine 

9 

6 

15 

50.0 

therapy 

35 

32 

67 

47.8 

Total 

44 

48 

82 

46.0 


In Table 3 we have listed all cases in which vaccine was given 
and the condition of the torticollis. We have arbitrarily defined as 
a satisfactory trial of vaccine the administration of vaccine for a 
period of at least 3 months. In every instance this vaccine was 
prepared at The Mayo Clinic. It is found that in 40 per cent of 
this group of cases the torticollis improved or disappeared, as 
compared to 47.8 per cent in cases in which no specific vaccine 
treatment was given or the period of treatment was inadequate. 
According to the Chi square theory of determining the probable 
significance of the difference between proportions, there are 58 in 
100 chances that this is a difference which might arise as a sampling 
process. That is, these percentages might be reversed were 82 
other patients with torticollis similarly studied. Therefore, conclu- 
sions cannot be drawn from this difference of 7.8 per cent. As 
Rosenow has said; “The benefits which follow the removal of foci 
pro^^ed to contain organisms and the use of autogenous vaccine, 
although often striking, do not occur regularly enough to prove 
etiologie relationship.” 

Table 4 is included only because it is of interest to loiow to what 
cause the patients attribute their disability. It is self-explanatory. 
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and because it is based entirely on the patient’s ideas and not on 
any scientific study or clinical impression, conclusions are not drairn 
from it. 


Table 4. 

Patient’s opinion of 


'Patient’s Opinion as to Cause of Torticollis. 

Condition of torticollis. 


cause. 

Stationary. I>isappearecl. Improved. 

Total. 

Nervousness, vrorry, overv’ork, etc. 

. 10 

7 

. 5 

22 

Pocal infection, exposure, etc. . 

. 6 

7 

4 

17 

Trauma 

7 


7 

14 

Not stated 

. 21 

2 

6 

29 

Total 

. 44 

16 

22 

82 


It is also of interest to know to what procedure the patients 
attribute their improvement. Twenty-eight of the 38 patients in 
whom the torticollis disappeared or improved answered this ques- 
tion. Twelve gave credit to rest and relaxation, 5 to removal of 
foci, 2 to osteopathy, 2 to patent medicine and 1 each to vaccine, 
vaccine and rest, thyroidectomy, medicine, Christian Science, 
removal of foci together with chiropractic and chiropractic alone. 
The character of this information again precluded the possibility of 
drawing any conclusions from it. 

Summary. A study has been made of 82 patients who had 
received medical treatment for spasmodic torticollis. Thirty-nine 
of the patients were women and 43 were men. The average age at 
onset was 39 years, the average age at admission to the clinic was 
44 years and the average duration of symptoms prior to admission 
to the clinic was 5 years. The average duration of symptoms of 
those patients who continued to suffer with torticollis to the time 
of this inquiry was 12 years. Those patients who reported complete 
disappearance of all symptoms had had symptoms for an average 
of only 3| years. Forty-four of the 82 patients (54 per cent) were 
not improved; 16 patients (19 per cent) reported complete disap- 
pearance of symptoms; 20 patients (27 per cent) reported improve- 
ment. The patients cooperated well when advised to have foci of 
infection removed. Fifty-one per cent of the patients who had 
foci of infection removed reported improvement or disappearance 
of the torticollis, as compared to 36 per cent of those who did not 
have foci removed. This difference of 15 per cent is considered to 
be of sufficient significance to support the belief that removal of 
foci is warranted. 

Conclusions cannot be drawm from this series as to the value of 
specific vaccine treatment for spasmodic torticollis. 
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THE CLINICAL CYCLE OF GOITERS. 

By J. William Hinton, M.D., F.A.C.S., 

ASSOCIATE PROFESSOR OF SURGERY, NEW YORK POST-GRADUATE MEDICAL SCHOOL, 
COLUMBIA university; associate visiting SURGEON, BELLEVUE HOSPITAL, 

NETV YORK CITY. 

(From the Thyroid Clinic of the New York Post-graduate Hospital.) 

Clinicians and pathologists are still describing their findings in 
the stages of goiter transformation as representing certain distinct 
types of goiter. Attempts have been made during the last three 
generations to make the clinical and histopathologic pictures of 
goiters coincide; but as much confusion still exists as originally, 
and it would seem that the problem should be approached from a 
different angle. 

The more one studies patients suffering from thyroid enlarge- 
ments, and tries to correlate the clinical and pathologic findings, 
the more he finds that there are many discrepancies between the 
two, and to consider the types as clinical entities is frequently 
misleading. There have been a few observers during recent years 
who have maintained that the types of goiter as merely representing 
stages of a continuous disease process. Hertzler® was one of the 
first to teach this, as he had observed the life cycle of his patients, 
and had not confined his observations to the signs and symptoms 
at a given period of the disease. In previous publications^-® I have 
reported cases to prove that these different types do not represent 
clinical entities. Boyd,^ in his recent addition on surgical pathology, 
states; “Goiters are Usually divided into three main groups, which 
are regarded as being entirely distinct entities. The first is Imown 
as simple or endemic (colloid) goiter, the second as adenomatous, 
tlie third as exophthalmic goiter. With the exception of the second, 
these names are purely clinical and have no pathological connota- 
tion. The second is certainly pathological, but it is unjustified for 
the nodules are not adenomata in the pathological sense.” 

Keilty,''^ in an article based on the pathologic study of 1000 thyroid 
glands, states; “Following tlie combined study of histories, gross 
specimens and microscopic slides over a period of 10 years, the 
opinion is expressed that a large proportion of nodular thyroid 
glands, toxic and nontoxic, show the pathological evidence of chronic 
productive, and contractive thyroiditis rather than of adenoma.” 

The following cases will serve to illustrate the confusion that still 
exists if one tries to pigeon-hole the diagnosis from the findings at 
certain stages of the disease. 

Case Reports. Case 1.— A female, aged 17 years, was admitted to the 
thjToid clinic on July 17, 1930, complaining of enlargement of her neck. 
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Patient first noticed enlargement of the neck at the age of 9 years, at which 
time she was treated by her family physician for 1 year and later -in this 
institution for several months with iodin and thyroid medication, but 
noticed no improvement and discontinued treatment. For the past 4 years 
her neck was gradually enlarged, but she has no other complaints. Exam- 
ination revealed nodular enlargement of the thjToid in both right and left 
lobes, the neck measuring 33 cm. and basal metabolism -8 on July 14, 
with all other laboratorj'' work negative. Diagnosis of bosselated goiter 
was made, following Hertzler’s teacliing, or if one uses the accepted classi- 
fication, a diffuse adenomatous goiter. Patient was put on th 3 TOxin, i;V gr., 
intravenously, every 2 weeks, and thjwoid extract, 2 gr. t. i. d. by mouth. 
She has shown marked improvement imder medical treatment, and at 
this time the enlargement has diminished 75 per cent. This case represents 
a type of goiter that is frequently operated upon, while in reality the 
nodules were produced by the connective tissue formation in the gland. 

Case 2. — A female, aged 17 years, was transferred to our clinic December 
18, 1930, having been treated in another clinic in the hospital for 7 3 ^ears. 
She_ complained of enlargement of her neck, which was getting worse. 
Patient had been treated at the Post-^aduate Hospital for 7 years, taking 
iodin and th 3 ^oid extract. At the time of her admission a diagnosis of 
adolescent goiter was made, and although she has been under continuous 
treatment a lump was noticed in the region of the isthmus about 2 3 '^ears 
premously, which has graduaU 3 ^ enlarged. Basal metabolism was —6 on 
December 16, 1930. Patient has been on iodin and th 3 Toid medication 
since entering our clinic without an 3 ’^ improvement; diagnosis of adenoma 
of the isthmus being made which will necessitate an operation. This 
patient, although under continuous observation for 7 years, developed an 
adenoma while being successfully treated for an adolescent goiter. 

Case 3. — Female, aged 39 years, was admitted to the th 3 TOid clinic 
February 5, 1931, complaining of nervousness and loss of weight for 2 to 
3 months. Past history negative. Patient has been well until 2 or 3 months 
before admission when she gradually began to decline and has been losing 
weight, estimated at about 20 pounds. She has become extremely nenmus 
and has palpitation of the heart, also enlargement of her neck and prom- 
inent eyes. Examination revealed exophthalmos, enlargement of the 
thyroid with a thrill over the gland and pulse 140, her basal metabolism 
rate being -|-64 on February 15, 1931. Patient was adrised admission to 
the hospital and was put on iodin and sedatives for 3 weeks before being 
operated upon, A one-stage thyroidectomy was done on March 4, 1931. 
Pathologic findings revealed Basedow’s disease with included fetal adenoma. 
Although this patient gave a relatively short iusfory, fhe_ pathologic study 
revealed an exophthalmic goiter with an adenoma which could not be 
detected on physical examination. 

Case 4. — A female, aged 64 3 'ears, was admitted to the thyroid chnic 
September 11, 1930, complaining of enlargement of her neck and difficulty 
in swallowing for the past few 3 mars. Patient states she had the enlargement 
of her neck since a 3 mung girl, at approximate^ the age of 16 3 'ears, and tins 
has gradually become larger and about 10 or 15 years ago she noticed 
irregular nodules in her neck which have enlarged gradually and at the 
present time she has difficult3' in swallovnng and breathing. Examination 
reveals definite nodular masses in both lobes of tl^Toid. Roentgen rays or 
the chest on September 26, 1930, revealed a de\iation of trachea and csop i- 
a<ms to the left vdth calcification of the lower poles of the thyroid. Has 
metabolism was - 1 on September 25, 1930. A diagnosis of calcified adeno- 
mata of the thyroid was made. The patient was operated upon on b’ctooe 
10, 1930, and the pathologic report rc%'’ealed an adenocarcinoma oi 
thyroid isdth extensive calcification. 



HINTON; THE CLINICAL CYCLE OE GOITERS 


565 


These cases represent what is routinely found in any clinic dealing 
with thyroid diseases if careful histories are taken, and the clinical 
and pathologic findings are correlated. Other cases could be cited 
to illustrate that the apparent types of goiters are interchangeable, 
if one follows the patient for a sufficient length of time or gets an 
accurate history. 

Comment. It is difficult for one to believe that the thjToid gland 
could develop in itself colloid, adenomatous and exophthalmic 
goiters which are clinically and pathologically distinct entities ; also 
chronic thyroiditis, Riedel’s struma and Hashimoto’s disease, which 
represent different pathologic entities. In clearing up any mis- 
understanding that exists in the pathologic study of this disease, 
it is essential to have a clear conception of the normal histology 
for the different periods of life, from stillbirth to senility. In a 
study® of people meeting with accidental death from stillbirth to 
over SO years of age, it was found that the normal histologic picture 
varied greatly for people of relatively the same age, and it is difficult 
to draw conclusions as to what constitutes normal thyroid histology. 
This being so, it is even more difficult to classify the abnormal. 

When we come to consider thyroid diseases we have to admit 
a dysfunction of the gland, which is first manifested by colloid 
deposits during adolescence or in later life. Sometimes this stage 
of the disease responds to medical treatment, while on the other 
hand the enlargement may spontaneously disappear. If there is 
an accompanying chronic thyroiditis for a number of years, which 
may vary greatly in severity, the connective tissue which is pro- 
duced by this process will ultimately produce nodules, or so-called 
adenomatous goiter, while on the other hand the patient may 
develop an exophthalmic goiter before the nodular stage is reached. 
It is difficult, and sometimes impossible, to palpate a thyroid 
enlargement in a typical exophthalmic goiter, so how can we say 
that there has not been a colloid disturbance preceding the exoph- 
thalmic goiter which was never detected by the patient, or by the 
family physician? 

In considering chronic thyroiditis, Riedel’s struma and Hashi- 
moto’s disease, one is confronted witli trying to place these types 
of disease in the cycle of pathologic changes. Graham and 
McCullagh,- after a most thorough study of 4 cases of Hashimoto’s 
disease, state: “An acceptable explanation of the pathogenesis of 
the changes in the thyroid is not apparent. It would be simple 
enough to follow the line of least resistance and agree with one of 
the prevailing views, viz., that struma lymphomatosa is the early 
stage of Riedel’s struma. A review of the literature and personal 
experience with both types of lesions have inclined us to the view 
that tliey are quite dissimilar. Riedel’s struma more nearly ap- 
proaches a true inflammation than dose the Idsion described by 
Hashimoto’s.” As tire other tjqjcs of goiter are now being con- 
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sidered as stages of a continuous disease, it may be that ultimately 
chronic thyroiditis, Riedel’s struma and Hashimoto’s disease will 
be proved to be of an inflammatory nature and the difference in the 
findings will be due to the response to the infection. 

Conclusion. From a clinical point of view it would be much simpler 
for us to regard the different goiters as stages of a continuous disease 
process and treat all cases medically unless hyperthyroidism, 
pressure symptoms or an encapsulated tumor actually exists. In 
this way some of the nodular goiters that are called adenomata 
wmuld be found to be colloid rests from connective tissue formation, 
and these will in turn respond to iodin or thyroid medication, thus 
saving many needless operations. 
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Electrotherapy and Light Therapy. By Richard Kovacs, 
M.D., Clinical Professor and Director of Physical Therapy, 
Polyclinic hledical School and Plospital, New York. Pp. 528; 
211 illustrations. Philadelphia: Lea & Febiger, 1932. Price, 
$6.50. 

The preface states that this volume had its conception in the 
conviction that practising phj^sicians should be shown the possi- 
bilities and limitations of that part of modern physical therapy 
which they themselves can carry out in their own offices. There is 
no doubt that physical therapy has been largely accepted as an 
integral part of the practice of medicine and surgery. This book 
should prove useful not only to the physician who actually practices 
electrotherapy and light therapy as a specialty, but it should be 
equally valuable to the practitioner who wishes to gain information 
as to what is being done in this field of treatment. The Reviewer 
would particularly invite attention to the several brief but excellent 
chapters on Electrophysics and on Photophysics. B. L. 


A Textbook of Neuroanatomy. By Albert Kuntz, Ph.D., 
M.D., Professor of Microanatomy in St. Louis University School 
of Medicine. Pp. 359; 197 illustrations. Philadelphia, Lea & 
Febiger, 1931. Price, $5.50. 

This book has been written to aid the student in his first attempts 
to gain some knowledge of the anatomy and physiology of the 
nervous system. The author bases his presentation on the assump- 
tion that the fundamental plan of structure is relatively simple, ' 
though the anatomical structure is somewhat intricate. The sub- 
ject is considered in twenty-two chapters, of which four, compris- 
ing nearly one-quarter of the book, are devoted to the cerebral 
hemispheres. The illustrations of actual tissues are derived from 
a variety of sources, and there are many diagrams of the courses 
of tracts. At the ends of the chapters are lists of references to the 
literature which will be useful to the student seeking further infor- . 
mation. "Vik A. 
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The Treatment oe Asthma. > By A. H. Dotjthwaite, M.D., 
F.R.C.P. (Lond.), Assistant Physician, Guy’s Hospital. Pp. 164. 

New York: William Wood & Co., 1931. Price, S2.50. 

The asthma problem is presented from a European vievTioint, as 
yet not deeply influenced bj^ the work of numerous American investi- 
gators in this field, especially from the standpoint of hypersensi- 
tiveness. Of 46 references in the book there are only 4 to the ex- 
tensive American literature. While the many therapeutic measures 
M'hich have been employed in the treatment of this disease receive 
the author’s attention, there are numerous statements which must be 
challenged; “It is, of course, impossible to test out all the possible 
allergens separately.” In suggesting tests with groups of related 
allergens, he says: “One group may consist of dust, fur, feathers 
and orris-root extracts.” The statement that “In the case of 
children it is seldom practicable to perform skin tests because of 
the fear induced by scalpel or hypodermic needles” is certainly 
not in keeping with the experience of American allergists. Nor is 
his quotation of Moos that “Skin reactions to proven allergens fail 
to appear after adequate psychotherapy.” Nor this : “ Permanent 
residence at high altitudes can be relied upon to abolish the 
paroxysms in nearly e^^er3'^ case.” While he recommends the treat- 
ment of pollen-sensitive patients "with pollen extracts, he deplores 
the length of time and expense involved: a proper objection to his 
own method in wdiich he gives propbjdactic injections every other 
day beginning early in December. The practitioner will find 
sounder advice in auv one of a number of current American texts. 

R . IC 


The Inborn Factors in Disease. By A. E. Garrod, K.S.M.G., 
DM., LL.D., E.R.C.P,, F.R.S., Consulting Physician to St. 
Bartholomew’s Hospital; sometime Regius Professor of Medicine 
in the University of Oxford. Pp. 160. New York; Oxford 
University Press, 1931. Price, S2.75. 


The older doctrines of diathesis, dealing with the morbid predis- 
positions of the individual, -were largely lost sight of with the rise 
of bacteriology in the latter third of the last century. _ More 
recently the concept “diathesis” is having a glorified rebirtli in 
the doctrine of “constitution," which is being more and 
taken into consideration in our study of disease. To quote: 1 jo 
further nosology is pursued, the more clearly does it emerge tJia in 
every case of every malady there are two sets of factors at vor ' m 
the formation of the morbid picture, namely internal or cons i u- 
. tional factors inherent in the sufferer and usually inherited 
forebears and external ones which lire the tram. Ihe an 
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developed liis theme in a manner that will he found interesting 
and convincing by the practitioner of medicine, who “wittingly or 
unwittingly, is constantly engaged in the study of constitutions and 
predispositions and of reactions to environment.” 

R. IC. 


Cutaneous A^’-ray and Radium Therapy. By H. H. Hazen, 

A.M., M.D., Professor of Dermatology, Medical Department of 

Georgetown University. Pp. 166; 28 illustrations. St. Louis: 

C. V. Mosby Company, 1931. Price, 83.00. 

Clear, concise statements afford the keynote of this little volume 
on the therapeutic use of Roentgen ray and radium in dermatology. 
The material is based upon the author’s personal experience with 
abundant reference to the work of other well-known dermatologists 
and roentgenologists. 

In the first half the principles of irradiation therapy, equipment, 
technique and the action of radioactive substances are discussed. 
Of particular merit is the author’s emphasis of the vigilance required 
in protecting the patient and operator against the harmful effects of 
irradiation. 

The rest of the volume deals briefly with the character and 
amount of irradiation required in specific dermatologic conditions. 
Here the results obtained by the author and others must prove of 
inestimable value to workers in this field. 

A fair knowledge of Roentgen ray and radium therapy, and of 
dermatology, is necessary to fully appreciate this book. As a 
handy reference for the busy radiotherapist this little volume will 
find its greatest value. K. IC. 

Breast Feeding. By Margaret Emslie, M.B., Cii.B., late 

Senior Medical Officer for Maternity and Child Welfare, County 

Borough of Croydon. Pp. 142; 6 illustrations. New A'ork: 

Oxford University Press, 1931. Price, 82.00. 

This is the only book on this subject written by a woman that 
the Reviewer can recall. Convinced that the preparation for lac- 
tation is largely neglected, she devotes a large section to matters 
such as a high vitamin diet, development and support of the breasts 
and methods of everting, elongating and hardening the nipples. 
The management of breast feeding, its proper inauguration and 
means of increasing and prolonging the secretion of milk are fully 
considered. The characteristics of the normal breast-fed infant 
are explained and contrasted with those of the infant experiencing 
hunger, overfeeding, colic, vomiting and other diflficulties of lactation. 

The Reviewer has not found that infants do well on such a small 

voi,. 183, NO. 4. — APiiiL, 1932 20 



570 


BOOKS RECEIVED 


number of feedings as tlie author advises, nor does he agree with her 
that all colic is caused by air swallowing. 

This book is in handy form, well arranged, well indexed and pro- 
vided Avith a generous list of references. It can be endorsed as a 
thoroughlj'^ convenient and valuable exposition of this important 
subject, by one qualified for its authorship by a wide experience. 

J. S. 


BOOKS BECEIYED. 


NEW BOOKS. 


A Diabetic’s Own Cook Book. By Stella H. Lyons, with a Foreword by 
Logan Clendening. Pp. 94. New York: Alfred A. Knopf, 1932. 
Price, S2.00. 


Cancer. What Everyone Should Know About It. By James A. Tobey, 
De.P.H., Avith Introductions by Joseph Colt Bloodgood, M.D., and 
H. L. Mencken. Pp. 323; 17 illustrations. New York; Alfred A. 
Knopf, 1932. Price, S3.00. 


•La Maladie de Boeck. By A. Kissmeyer, Medecin de I’lnstitut Finsen. 
Preface by Da. J. Dahier. Pp. 147; 67 illustrations. Copenhagen: 
LeAun & Munksgaard, 1932. 


A Text-book of Medicine for Nurses. By E. Noble Chamberlain, M.D., 
M.Sc., M.R.C.P., Senior Assistant 'Physician and Cardiologist, Royal 
Southern Hospital, Liverpool, etc. With a Foreword by Miss E. M. 
Musson, C.B.E., R.R.C., Chairman, General Nursing Council for 
England and Wales. Pp. 439; 38 illustrations. New York: Oxford 
University Press, 1931. 


Publication on the Costs of Medical Care: No. 10. The Frontier Nursing 
Service. By Anne Winslow, Executive Secretary, New York Office, 
Frontier Nursing SerAUce. Pp. 16. Washington, D. C.: The Com- 
mittee on the Costs of Medical Care, 1931. 


Tmnors of Bone. By Charles F. Geschickter, M.D., Surgical Patho- 
logical Laboratory, Department of Surgery, Johns Hopkins Hospital 
and University, Baltimore, and Murray M. Copeland, M.D., Memonal 
Hospital, New York CitAL With ForeAvords by Dean Lbaaus, M.D., and 
Joseph Colt Bloodgood, AI.D. Pp. 709; 406 _ illustrations. Aew 
York; The American Journal of Cancer, 1931. Price, 55.00. 


City’s Hospital Reports, Vol. 81 (Vol. 11, Fourth Series), No. J^, October, 
1931. Edited by Arthur F. Hurst, M.D., Assisted by various con- 
tributors. Pp. 119; illustrated. London: The Lancet, Limited, Id-Ji. 
Price, 12/6 per issue. 

Herzund Angst. By Prof. Dr. Ludavig Braun. Pp. 119. Wien; Franz 
Deuticke, 1932. Price, M 6. 

The Fundus of the Human Eye. By Ernest 
F R C.S., Consulting Surgeon to the Central London Ophthalmic 
tal, etc. Preface and Table of Contents with 51 colored plates. i^eR 
York; Oxford University Press, 1931. 



BOOKS RECEIVED 


571 


ProMbiiing Minds. By Stewart Baton, M.D., Lecturer on Psychiatry, 
Johns Hopkins University, Baltimore. Bp. 198. New York: Paul B. 
Hoeber, Inc. Price, S2.00. 

A Handr-book of Ocidar Therapeutics. By Sanford R. Gifford, M.A., 
M.D., F.A.C.S. Professor of Ophthalmology, Northwestern University 
Medical School, Chicago, etc. Pp. 272; 36 illustrations. Philadelphia: 
Lea & Pebiger, 1932. Price, $3.25. 

Clinical Roentgen Pathology of Thoracic Lesions. By William H. Meyer, 
M.D., Professor of Roentgenology in the New York Post-Graduate 
Medical School of Columbia University, etc. Pp. 272; 183 engravings. 
Philadelphia: Lea & Febiger, 1932. Price, $6.00. 

Traitement de la Tuherculose par la Sanocrysine. By Knud Sbcuer, 
Medecin-Chef d I’Hospital de Bispebjerg, Cqpenhague. Pp. 110; 21 
illustrations. Copenhagen: Iie^dn & Munksgaard, 1932. 

Leonardo da Vinci. By Prop. Dr. Sigmund Freud, LL.D. (University 
, of Vienna). Translated b}^ A. A. Brill, Ph.B., M.D., Lecturer in 
Ps^rchoanalj^sis and the Psychosexual Sciences, Columbia University. 
Pp. 130; illustrated. New York: Dodd, Mead & Co., 1932. Price, 
$3.00. 

Surgery^ of the Chest. By George F. Straub, M.D., F.A.C.S. Pp. 475; 
341 illustrations, including 68 color plates. Springfield, 111.: Charles 
C Thomas, 1932. Price, $10.50. 

Spontaneous Pneumothorax in the Apparently Healthy. By Hans' Kjaer- 
gaard. Pp. 251; 29 illustrations. Copenhagen: Levin <fe Munksgaard, 
1932. 

NEW EDITIONS. 

Recent Advances in Bacteriology. By J. Henry Diblb, M.B. (Glas.), 
F.R.C.P., Professor of Pathology in the University of Liverpool. Pp. 
476; 29 illustrations. Second edition. Philadelphia: P. Blakistori’s 
Son & Co., Inc., 1932. Price, $3.50. 

United States Army X-Ray Manual. Rewritten and edited by Lt.-Col. 
H. C. Pillsbury, M.C., U. S. A. Pp. 482; 228 illustrations. Second 
'edition. New York: Paul B. Hoeber, Inc., 1932. Price, $5.00. 

The second edition of this book includes the improvements in apparatus and 
technic -which have been made since the previous publication. The portion 
devoted to interpretation is well presented. 

Medical Dictionary. II Part, German-English. VI Edition. By Joseph 
R. Waller, M.D., and Moritz ICaatz, M.D. Pp. 238. Wien: Franz 
Deuticke, 1932. Price, M. 7.—. 

Applied. Physiology. By Samson Wright, M.D., M.R.C.P., Professor of 
Physiology, University of London, Middlesex Hospital ISIedical School. 
Pp. 552; 128 illustrations. Fourth edition. New York: Oxford Uni- 
versity Press, 1931. Price, $5.50. 

Manual of Surgery. By Alexander Miles, M.D., LL.D., F.R.C.S. 
(Edin.), Consulting Surgeon, Royal Infirmary, Edinburgh, and D. P. D. 
Wilkie, M.D._, F.R.C.S. (Edin. and Eng.), Professor of Surgery, Uni- 
A'ersity of Edinburgh. Vol. II. Extremities — Head— Neck. Pp. 685; 
303 illustrations. Eighth edition. Vol. III. Thorax— Abdomen. Pp. 
578; 177-illustrations. Eighth edition. New York: Oxford University 
Press, 1931. Price, $3.80 each volume. 
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The Elimination of Phenolsulphonphthalein by the Kidney, — ^The 
Influence of Pathologic Changes in the Liver. — Hanker and Whipple 
write (Arch. Int. Med., 1931, 48, 598) that many years ago the latter 
noted that in certain cases of intoxication of pregnancy there was a 
high degree of elimination of phenolsulphonphthalein by the kidney 
and suggested that the explanation lay in liver injury. Subsequently 
it was observed that there was an unusual elimination of phthalein in 
experimental chloroform poisoning of dogs. These two observations 
naturally connote hepatic injury modifying the elimination of phthalein. 
Additional evidence has been brought forth by witers in the more or 
less recent past to show that the liver can excrete phthalein, the most 
definite information probably being that of Marsh and Vickers, who 
recovered 16 per cent of phthalein from tlie liver of dogs which were 
killed 15 minutes after the injection of 180 mg. of tlie dye. The work 
of Moller and Lundsgaard, furthermore, confirms the hypotliesis that 
tlie normal liver plays a part in the elimination of phthalein; their 
work also shows that the dye is observed in the gastro-intestinal tract 
only in very small quantities. In order to investigate by experimental 
methods the question of the elimination of phthalein, the tivo authors 
poisoned a series of dogs with chloroform by light surgical anesthesia. 
They also attempted to injure the liver by administration of phosphorus. 
-Injury to the liver was shown by a study of the blood fibrin and the 
icterus index, as well as by the elimination of phthalein. The second 
part of the experiment was performed by inserting a cannula into the 
common duct and collecting tlie bile and urine for 2-hour periods of 
time. The flow of phthalein in the bile could not be demonstrated. 
Control experiments were performed under ether anestliesia and by 
obstruction of the bile ducts. Elimination of the dye by way of the 
gastrointestinal tract ivas determined by feeding 30 mg. of phthalein 
through the stomach tube to the dog. Only 3 to 5 per cent appeared 
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in the urine and only traces in the feces, demonstrating the absence of 
intestinal absorption in the reactions tliat were studied by the authors. 
It may be deduced from these experiments, taken in toto, that the liver 
of the normal dog is capable of eliminating through the bile 10 to 15 
per cent of the usual dose of phthalein and the surplus, when this way 
of escape is blocked, appears in the urine, giving very high figures. 
Not more than 5 per cent of the amount of phthalein that is excreted 
into the duodenum is reabsorbed. In the dog that has necrosis of the 
liver produced by chloroform poisoning from 90 to 97 per cent of the 
dye is eliminated through the kidney as contrasted Avith the control 
of from 75 to 78 per cent. The normal figures return when the hepatic 
injury is repaired. These experiments are of considerable practical 
A^alue. From time to time excessive elimination of the dye is noted 
by the clinician Avho is Avont to ascribe this abnormality to some fault 
of tlie technic. Hanner and Whipple noAV shoAV that the explanation 
lies in pathologic changes in the liA'er. It is obvious that renal and 
hepatic disease Avhen combined AAnll disorganize the phthalein test for 
kidney efficienc.y. It is likeAvise obvious that high phthalein elimination 
indicates liver injury and that the phthalein test may be used as a 
functional test for liA'^er disease as frequently as it is for kidney disease 
except that tlie results from the. one are exactly the opposite to the 
other: high urinary output Avhen there is liver disease; Ioav Avhen there is 
kidney disease. 


SURGERY 
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T. TURNER THOMAS, M.D., 

PHILADEEPIIIA, PA. 


Acquired Renal Dystopia or Movable Kidney.— Kidd (/. Urol., 1931, 
26, 327) revicAvs the types of renal dystopia. A fresh hypothesis is 
formulated Avhich attributes the most important pathologic type to 
the persistence, from neolithic times of a racial stock of Egyptian origin 
and descent. The importance of the intraabdominal pressure is mini- 
mized and the importance of the suspensory ligaments of the kidney 
are emphasized. The pathology of moA'-able kidney is placed on a fresli 
plane and is brought into line Avith tlie pathology of sprains and deform- 
ities. Pyelography is advocated as the only real guide to treatment 
and as the indicator of the reasons for success and failure of operations. 
An operation for renal dystopia is described and the points essential 
for success in operating outlined. 


Tumors of the Kidney.— Smith and Fekris {Am. J. Sttrg., 1931, 
13, 552) state that they are inclined to feel that these tumors all have 
a common origin, probably from some prenephric rest, and that the 
dift'erences are inherently due to the particular reaction of the indi- 
vidual rather than to any fundamental differences in the cells of origin. 
It is not important clinically to knoAv Avhether a tumor arises from 
displaced celomic lining cells or from nephridial rests, except as its 
clinical behavior varies. In these tumors no inherent differences arc 
apparent in their clinical course, except in degree. Tumors of presum- 
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able adrenal origin are apt to be slower growing, but naay metastasize 
by the^ blood stream very early. They perhaps represent slightly 
more differentiated epithelium than do the tumors of renal origin, but 
their fundamental cell prototypes are essentially the same, which 
brings the author to the conclusion that Wilson reached 20 years ago 
of the underlying mesothelial origin of the entire group. Finally, in 
remewing the embryonal tumors of infancy and childhood, the current 
theory of renal blastoma origin has been accepted. The writers feel 
that the evidence is sufficient to show that these cells are capable of 
differentiation even into the bizarre and curious, almost teratoid 
tumors w'hich we occasionally find. It is but a step from accepting the 
conception of the origin of embryonal tumors to recognizing that the 
adult hypernephroma , may well arise merely from a later stage of 
differentiation of the renal blastoma. 


The Separate Neural Arch.— Willis {Bone and Joint J., 1931, 13, 
709) says that the series of 1520 human skeletons at his disposal dis- 
closes separate neural arch made by the pedicles, laminse and spinous 
processes posteriorly in 79, or more than 5 per cent. In vertebral col- 
umns with 25 presacrals the incidence is almost twice as great as in 
columns with the regular 24, but the actual percentage is an accident 
of the sampling, ratlier than a criterion of tlie population at large. 
Study of the defect, whether unilateral or bilateral, substantiates its 
essential origin in a skeletal anomaly, and assigns a very minor r61e to 
trauma. Embryologically tlie defect falls into the category of anomalous 
ossifications, of which there are many other examples scattered over 
the skeleton. It is an anomaly peculiar to the lumbar region and may 
be found in any -lumbar vertebra and on either or both sides, but is 
usually confined to the last presacral. Thus spondylolisthesis may be 
a sign of the anomaly. Trauma plays a secondary role in tliis condition, 
finding the fibrous tissue a point of less resistance to strain than some 
structure. Separate neural arch in its origin resembles spina bifida, 
defective articular processes and separate bony centers for transverse 
mammillary and accessory processes which are peculiarly associated 
with the lumbar column. It is found more frequently when some other 
anomalj^ such as the twenty-fifth presacral, is present. It is tlie 
ultimate result of imperfect ossification whether this be caused by 
failure in the ossiflc process itself or -by a defect of the preexisting 
cartilage. 

Split Heel Approach in Osteomyelitis of Os Calcis.— Goenslev 
(J. Bone and Joint Surg., 1931, 13, 759) says that a series of 11 cases 
of osteomyelitis of the os calcis, 9 pyogenic and 2 tuberculous, have 
been presented because radical treatment by the split heel or cloven 
heel metliod has been eminently satisfactory, there having been no 
persisting sinuses and but one recurrence to date, the latter occurrmg 
in 1 of the cases of tuberculosis. Periosteal stripping and removal of 
healthy cortical bone is avoided. A minimum of healthy cancellous 
bone is sacrificed and tunneling is avoided. Sinusp should be disre- 
garded in tlie incision as tliey invariably close, providing all dead bone 
is removed. The plantar scar is so deeply situated that ffie plantar 
tissues form two thick cushions well adapted to weight bearing witliom 
pain. 
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The Influence of Digitalis Bodies on the Pulmonary Bloodflow.-— 
Employing a somewhat modified histamin metliod, whereby a new 
cliolin derivative was used, Prusik (Ztschr.f. Krebsforsch., 1931, 23, 513) 
presents the results of a series of investigations on the influence of 
strophanthin or digitoxin on the speed of pulmonary circulation. He 
finds that where the pulmonary circulation is normal the digitalis 
bodies exercise little effect. Where it is more rapid than normal, as in 
uncomplicated Graves’ disease, there is a marked tendency, for the 
pulmonary circulation to be slowed both immediately and at the end 
of 24 hours. On the other hand, in patients with cardiac failure 
whose pulmonary circulation is slower than normal, the digitalis bodies 
show a marked tendency to accelerate this circulation, returning it to 
normal or even temporarily to a rate greater than normal. He com- 
pares his results with those reported by Weiss and Blumgart, and calls 
attention to the fact that his observations were made at shorter inter- 
vals of time after single large doses of the drugs, which may account 
for his more consistent results. He summarizes his findings by saying 
that the tendency of digitalis bodies is toward a restoration of pul- 
monary circulation in the direction of normal. That is, its delay where 
it is overfast and its acceleration where it is too slow. 


The Vital Hormone of the Adrenal Cortex. — Hartman, Bowen, 
Thorn and Greene Int. Med., 1931, 5, 539) presents a report 

upon the actions of the adrenal extract, cortin, both upon experimental 
animals and upon man. Administration of cortin to adrenalectomized 
cat's maintains them alive and healthy for an indefinite period during 
which they feel perfectly normal even to the extent of one female’s 
going into heat and becoming pregnant. Its administration immediately ' 
after operation also permits the simultaneous removal of both adrenal 
glands with recovery. Adrenalectomized cats allowed to approach 
death can be made to recover completely with cortin. The administra- 
tion of increasing quantities fails to produce signs of overdosage. Its 
administration to .young adrenalectomized rats permits normal growths 
and development. Cortin also promotes the healing of wounds and 
raises the resistance of adrenalectomized animals to bacterial toxins. 
Finalljq it raises to normal the resistance to cold which is so greatly 
I'educed by adrenalectomy. In man with adrenal deficiency its adminis- 



576 


PROGRESS OP 3VIEDICAL SCIENCE 


tration restores the normal contractile power of muscle and raises, its 
resistance to fatigue when tested by the ergometer. One case of a young 
nian wiA virtually complete loss of adrenal function due to Addison’s 
disease is reported in which the administration of cortin restored health, 
vigor and nutrition approximately to normal. On withdrawing cortin 
relapses occurred each of which was controlled promptly by its readmin- 
istration. After 224 days of maintenance of fair health the patient 
acquired acute bronchial pneumonia and died. Autopsy proved the 
presence of great destruction of the adrenals confirming the diagnosis 
of Addison’s disease. A second patient with Addison’s disease was 
observed but died before cortin could be administered in adequate 
doses. Administration of cortin to a patient with hypothyroidism 
caused marked restoration of muscular strength without change in 
basal metabolism or other beneficial effects except a moderate increase 
in blood pressure. A similar response was observed in the muscular 
strength of a patient with hyperthyroidism, some improvement was 
observed in the muscular functions in 2 cases of muscular atrophj' and 
in 1 of muscular dystrophJ^ Finally, clinical improvement was pro- 
duced in some cases of severe postinfectious asthenia. 
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The Hilus of the Lung in the Child.— Altschul {Radiol., 1931, 17, 
1147) believes that the radiologic diagnosis of tuberculosis of the 
bronclual lymph nodes is not made as often as it should be, especially 
in children. The width of the hilus does not furnish important evi- 
dence for the diagnosis. The density of the hilus is more important 
than the width. A liilus showing increased density is always question' 
able, whether there is a general increase of density or of smaller cir- 
cumscribed foci presenting increased density. In children calcification 
in the hilus is rare. Great importance should be attached to the com- 
parison of the two hilus shadows. Inequality of the shadows is definite 
for the diagnosis. In making this comparison one must show both 
hili in their entire extent, which can be accomplished only by turning 
the patient about slightly on the body axis. In the majority of cases 
any enlargement of the lymph nodes is due to tuberculosis. In cases 
that are not just recent a primary focus of the lung as the starting 
point of the lymph gland involvement can usually be shown. If such 
a primary focus cannot be demonstrated it must be remembered that 
there are otlier infectious processes that may give rise to tlie enlarpd 
lymph glands. Often long or short dense strands^ extend to the lulus, 
particularly from tire lower field. These are due in part to inhltra ec 
lymphatic'tracts and in part to inflammatory changes in the connective 
tissue. Certain groups of lymph glands cannot be shown in the rocn - 
genogram as they fall within the middle shadow. In the 
positive roentgenographic observation, an involvement of t le J P 
glands cannot be excluded. The roentgenographic examination in itsell 
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does not suffice for the establishment of the diagnosis and must be 
supplemented by other clinical methods of examination. The Roentgen 
ray examination constitutes the most important part of the examina- 
tion, and without it an accurate diagnosis of hilus involvement is 
impossible. ' 

Effect of Curd Tension on the Digestibility of Milk.— Espe and Dye 
(/Im. J. Dis. Child., 1932, 43, 62) found that doubling the curd tension 
of milk increased the length of the digestive period from 30 to 65 per 
cent. A normal milk of liigh curd tension usually means a more con- 
centrated milk than one of low curd tension, and, therefore, one of 
greater food value. The percentage of casein in the milk seems to be 
the greatest factor infl\iencing curd tension. The disparagement 
between soluble proteins and curd tension is e^^en greater. Boiling 
markedly lowers the curd tension of milk. Acidifying the milk before 
its coagulation with rennin has the opposite effect as it raises the curd 
tension. The addition of small amounts of various substances, such 
as calcium chlorid and sodium citrate, also has a marked effect on curd 
tension. Diluting milk with water has the same effect on curd tension 
as diluting it with its own whey. Dilution has a greater effect than 
merely producing a less concentrated mixture. 


Bacillus Mucosus Infection of the Newborn.— Jajipolis, Howell, 
Calvin and Leventhal {Am. J. Dis. Child., 1932, 43, 70) state that 
an outbreak of infectious diarrhea developed in a nursery for the new- 
born. Its spread was insidious, and a latent period of two months 
elapsed after the first few cases appeared. The constitutional symp- 
toms, severe intoxication, dehydration and prostration were out of 
proportion to the relatively mild diarrheal symptoms. The stools 
averaged about 6 a day. They were watery and contained mucus 
but no blood or pus, except in 1 case. The mortality was high in spite 
of the usual accepted treatment for anhydremic intoxication. Appar- 
ently the offending organism was Bacillus mucosus, the virulence of 
which may have been increased by symbiosis with anhemolytic strep- 
tococci. Bacillus mucosus was isolated from the nasal secretions, 
stomach contents, stools and intestinal mucosa in a large number of 
cases. None of the usual organisms causing infectious diarrhea, such 
as the tj'phoid-dysentery group, were found. The primary and out- 
standing pathologic findings in the fatal cases consisted of acute enter- 
itis. The mucous membrane was red, swollen, finely gi-anular and 
co\'ered with reddish-gray mucus. Microscopic examination showed 
the mucosa to be infiltrated with polymorphonuclear leukocytes and 
lymphocytes. A few shallow ulcers were found, and the lymphoid 
tissue was hypertrophied. There xvas a relative absence of involve- 
ment of the colon, which probably accounts for the comparatively few 
diarrheal stools and the absence of pus and blood. In only a few 
instances was there evidence of parenteral infection. In a few babies 
terminal bronchopneumonia and otitis media dei'eloped. Bacillus 
mucosus and anhemolytic streptococci were found in the discharges 
from the ears and from the lungs. The cultures from the throats of 3 
nursery maids gave pure growths of Bacillus mucosus, and when tliese 
3 individuals were relieved from diity in the ward the outbreak promptly 
subsided, and there were no recurrent outbreaks. 
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Lupus Erythematosus Disseminatus.— Mook, Weiss and Brom- 
berg (Arch. Derm, and SypJi., 1931, 24, 786) present in detail the case 
histories of 13 patients witli disseminated erytliematous lupus and 
while disclosing no new facts their material is a valuable clinical study of 
9 fatal cases, 4 of which came to autopsy. In 6 of the fatal cases the 
duration of the disease was less than 1 year. Remissions were a feature 
of most of tlie cases. Leukopenia as an important diagnostic sign and 
the polymorphism of the cutaneous picture are again stressed. Involve- 
ment of the serous ca\dties was conspicuous in the material studied. 
The authors feel that insufficient evidence is still at hand to subscribe 
to the tuberculous etiology so often proposed for this striking and 
tragic dermatosis. 


A Short Review of Alopecia of the Scalp.— -Photinos (Ada Demi., 
1931, 18, 22) gives the differential diagnosis involved in the clinical 
evaluation of the scalp alopecias with special reference to the pseudo- 
pelade of Brocq, a subject upon which the author has already VTitten 
a large monograph. Pseudopelade is a type of cicatricial alopecia 
occurring for the most part in male adults and characterized by small 
bald patches which have a predilection eitlier for the occiput or the 
vertex and midportion of the scalp. The number of lesions is in inverse 
ratio to their size, tlie smaller tlie patches the greater tlie number. 
Although the patches are irregular in contour they are strictly limited 
at the borders, which frequently jut out into surrounding parts of the 
scalp in quite a different fashion from tlie round and oval lesions of 
alopecia areata. The hair which may remain within the patches or at 
the borders is usually normal in appearance although some of it can be 
easily pulled out, showing a succulent, whitish, glassj' sheath. The 
skin of the patches is wliite, smooth and atrophic, and slightly but 
definitely depressed below tlie level of the surrounding skin. There is a 
complete absence of inflammatory signs so conspicuous in folliculitis 
decalvans, a type of cicatricial alopecia resembling pseudopelade 
except for the presence of follicular pustulation during the active stage. 
The etiology of pseudopelade is undetermined, the prognosis Kit for 
restoration of hair and uncertain for arrest; the treatment, tlic local 
use of either sulphur or mercury. 



GYNECOLOGY AND OBSTETRICS 


579 


GYNECOLOGY AND OBSTETRICS 

UNDER THE CHARGE OF 

CHARLES C. NORRIS, M.D., 

PROFESSOR OF OBSTETRICS AND GYNECODOGY, BCHOOD OF MEDICINE, 
UNIVERSITY OF PENNSYDVANIA, PHIDADEDPHIA, FA., 

AND 

FRANK B. BLOCK, M.D., 

■ SURGEON, JEWISH HOSPITAD, PHILADELPHIA. 


Radium Therapy of Menarchial Hemorrhage.— That type of exces- 
sive menstruation which occurs in adolescent ghls and which is often 
termed menarchial hemorrhage has often been a cause of great concern 
to the gynecologist because in girls of this age conservatism must be 
the rule except in extreme cases. Kelly (J, Am. Med. Assn., 1931, 97, 
760), who was one of the pioneers in the use of radium irradiation 
in gynecology, presents the results in a series of 30 patients ranging in 
age from 13 to 25 years who were treated with radium for this condition.. 
In each patient the health was impaired and there was a varying degree 
of secondary anemia. In 6, the hemoglobin was between 30 and 60 
per cent. There were 16 cases in which the period became normal 
immediately or soon after the treatment and remained so. In 5 there 
was a temporary amenorrhea with a later return or normal menstrua- 
tion. There was a group of permanent amenorrhea consisting of 6 
cases although in 4 of them sufficient time has not elapsed to be sure 
of a permanent cessation. He is of the opinion that radium and Roent- 
gen rays find their most brilliant field in the treatment of menopausal 
hemorrhages, to which most gynecologists subscribe. In the type of 
cases under discussion, irradiation is also of great value as it usually 
spares the patient a surgical operation of a radical nature. It is impor- 
tant however, to begin the treatment with the small broken dosage plan 
and work up through two or tliree treatments to the efficient amount; 
in other words, more treatment can always be given when necessary 
but once an overdose has been given a lasting amenorrhea may be the 
result. In this series the smallest amount of radiation given was 1S4 
millicurie hours and the largest, 925, the average dose being 583. 


Carcinoma of the Ovary. — As a result of a study of a series of cases 
of cancer of the ovary wliich were admitted to the gynecological 
service of Stanford University, Emge {California and West. Med., 
1931, 35, 366) has reached tlie conclusion tliat this disease whether 
primary or secondary, offers a gloomy outlook because of the absence 
of early symptoms. Menstruation, if still present, may not be much 
influenced. Pain appears very late and only when tlie tumor mass has 
^own to a considerable size or has encroached upon other structures 
in tlie pelvis. About half of the patients were disturbed by urinary 
frequency, dysuria or retention, while loss of weight and ascites are 
also common symptoms. All of tlie patients had easily palpable masses 
while cachexia and secondary anemia, corresponding in degree to the 
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size of tile mass and tlie metastatic involvement, were noticed in about 
60 per cent of the patients. Radical surgery is usualij^ indicated and 
may be advantageously combined with irradiation vuth tlie prospect of 
prolonging life for a period of 5 years with occasional cures. He has 
noted no instance in which the removal of a primary ovarian cancer 
caused the disappearance of metastatic tumors elsewhere. As a matter 
of prophylaxis, he believes that all newgrowths of tlie ovary should be 
removed as soon as discovered regardless of the age of tlie patient since 
the percentage of malignant degeneration is high, being 22.8 per cent 
in this series. 


OPHTHALMOLOGY 


' UNDER THE CHARGE OF 

WILLIAM L, BENEDICT, M.D., 

HEAD OF THE SECTION OF OPHTHAUMOdOGY, MAYO ^CLINIC, ROCHESTER, MINN., 

AND 
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The Pathology of Papilledema. — Tlie theories in regard to the path- 
ology of papilledema may be divided into the mechanical and the 
non-mechanical. The mechanical types may have to do either with a 
disturbance of the lymph flow or with an interruption of the vascular 
supplj' of the optic nerve. The non-mechanical types may be either 
inflammatory or toxic. Since the discovery by Schwalbe, in 1869, of a 
connection betw'een the subarachnoid space of the brain and that of 
the optic nerve, theories of the mechanical origin of papilledema have 
been supported by experimental -work of Schmidt-Rimpler, Manz, 
Cushing and Bordly, and Schieck. ' Schmidt-Rimpler believed that 
there ivas a direct driving forward of the cerebrospinal fluid through 
the lamina cribrosa, with an edematous infiltration of the nerve head 
as a direct result, w^hile the explanation of Manz w’as based upon 
compression of the central vessels of the retina as tliey passed through 
the lamina cribrosa. Cushing and Bordly corroborated this work. A 
different type of explanation was advanced by Schieck who_ believed 
the condition wms caused by the entrance of the cerebrospinal fluid 
under increased pressure in the preformed perivascular Ijnnph spaces 
of lire axial bundle of the optic nerve and along the central vessels 
into the disk. The position of the central vein in the optic nerve 
determines the amount of compression of the perivascular lymph 
spaces and has been studied by several investigators. Fbt (Aw. 'A 
Opidlial., 1931, 14, 874) examined a series of 40 eyes obtained from 
21 cases. In 17 of the cases the diagnosis was brain tumor, in 2 of 
the cases meningitis and there rvas 1 case of brain abscess, 1 of gumma 
of tlie brain and 1 aneurj’sm. In 32 of the eyes exanuned there was a 
papilledema present and all but 2 of tliem tlie condition was recent. 
The average swelling was 3-| diopters. The course of thp centra 
artery and vein as they leave Hie nerve was studied to determine wiiere 
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pressure occurred along tlic course of the vessel that could result in 
the edema of the nerve head and nerve fiber layer of tire retina. This 
compression was found to occur in the subarachnoid space in 62 per 
cent and in the. side of the nerve in 38 per cent of 26 eyes showing 
papilledema. Compression of the nerve was found in 84 per cent of 
31 eyes showing papilledema. The evidence was in favor of active 
compression of the central vein by an increased fluid pressure within 
the nerve pressing forward into the eye. Fry believes that the edema 
of the nerve head Avhich produced tire characteristic ophthalmoscopic 
appearance of choked disk occurs also in the subpial portion about the 
central vessels in the nerve stem. The diameters of the nerves, anterior 
and posterior to the entrance of the central vessels, were the same in 
6 cases, and in 1 the diameter posterior was greater. In the remaining 
17 instances the anterior diameter was greater, shoAving tlie greater 
amount of edema anteriorly. Evidence of inflammatory change as a 
cause for papilledema could not be found. The initial cause of papill- 
edema is a compression of tlie central vein of the retina along the side 
of the nerve or in the subarachnoid space. This produces a A'^enous 
stasis with a consequent transudation of lymph into the tissue of the 
optic disk and adjacent nerve fiber layer of the retina. The secondary 
cause is a forAvard pressure of fluid Avithin the optic nerve, produced 
in all probability by the infiltration of cerebrospinal fluid under in- 
creased pressure in the perivaspular lymphatic spaces. 


OTO-RHINO-LARYNGOLOGY 
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The Noises of Civilization and Their Evil Effects.— Largely by utili- 
zation of tools has man become differentiated from other animals. It 
Avas inevitable in this “age or machinery” tlmt noise should increase. 
Wells (/Iim. OtoL, Rhinol. and LaryngoL, 1931, 40, 143) roughly clas- 
sifies the Avorld’s noises as originating from such causes as: animate 
nature; Avar; building and construction; traffic and transportation; 
manufacture; commerce, and communication. After discussing the 
various types of noises, qualitatively and quantitatiA'^ely, the author 
states that the deleterious effects of noise may fall chiefly on the audi- 
tory apparatus, per se or on the general nervous system. The hearing 
organ may be affected: (1) By loss of function; (2) by dcA^eloping 
abnormal sensitivity, or (3) acquiring a tolerance, to the noise. 

_ It is a fundamental physiologic laAV that an organ e-xposed to exces- 
sive stimuli must either adapt itself thereto or suffer harm. Phylo- 
genetically, as the youngest pf our special senses, audition is frailer 
than any of the others. Noise deafness is not unduly common and 
ordinarily results from long continued contact Avith high-pitched, 
intense, disagi-eeable and annoying noises— as in the AA^ell-knoAvn 
boiler-maker’s deafness. The impaired hearing of aA'iators is due to 
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noise and often also to tympanic lesions from other obvious causes. 
Railroad ^engineers, miners, “sand hogs,” riggers, etc. also get “nerve 
deafness,” which however is due more to concussion than to noise. 
Following a philosophic discussion Wells, concludes “. . . . or will 
not science find some effectual means to rid us of this unwholesome 
by-product, so tliat civilization may eventually reach the goal which 
is its aim?” (rest and quiet). 


Concussion Deafness of Miners With a Survey of the Motor Appa- 
ratus in Modern Mines. — For the purposes of his presentation, 
KIatzchinann {Zischr.f. LaryngoL, Rhinol., 1931, 20, 353) distinguishes 
between deafness due to noise and due to vibration (concussion). 
Moreover, “concussion” is employed in the sense of continuous, mul- 
tiple, corporeal vibrations rather than a sudden explosion (usually 
causing rupture of the ear drum) or a cranial injury with concussio 
cerebri or tympanic and labyrinthian trauma. 

This vibration or concussion deafness, as interpreted by the author, 
occurs oftenest in workers subjected over a long period of time to inces- 
sant and rapid vibrations, wdth or wuthout excessive noises — notably in 
railroad engineers, miners, riveters, riggers, etc. In miners the condition 
appears to have arisen since the introduction of compressed-air or 
motor-driv^en machinery. The lesion is essentially one of the auditory 
perceptive apparatus. An attendant “rushing, hissing or humming” 
tinnitus makes the miner “irritable, apprehensive, and suspicious.” 
Both the deafness and the tinnitus increase the underground minet's 
liability to accident; and is obviously, therefore, of medicolegal impor- 
tance. Vertigo is absent, the vestibular organs apparently escaping. 
Like any other occupational disability, the treatment is prevention. 
The technicalities of mining machinery is discussed. 


RADIOLOGY 
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Roentgen Treatment of Chronic Leukemia. — McAlpin, Golden and 
Edsal {Am. J. Roent. and Rad. Therap., 931, 26, 47) relate their c-vperi- 
ence with Roentgen treatment in 24 cases of myeloid leukemia and 23 
of lymphatic leukemia. In the first group IS patients died after an 
average illness of 3 years, and 5 are living but with a shorter average 
illness. In the second gi-oup 16 patients died after an average illness 
of 1 year 6 months, and 5 are living wdth an average of 4 j'ears_6 months- 
These -writers maintain that every patient is more or less an indmaua 
problem. A blood count should be made before each treatment. 
Small doses of Roentgen rays to the enlarged nodes and spleen m tne 
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lymphatic type, one area at a time, and to the spleen in the myelo- 
genous type, are advised. The patient should be treated regularly, at 
first every week; later the period may be lengthened when the response 
and susceptibilities of the patient have been established. 

Criteria of Acute Intestinal Obstruction; Value of Roentgen Ray 
Evidence. — Intermittent, crampy, colicky pain, associated with nausea 
and vomiting but unattended by local physical findings, suggests acute 
intestinal obstruction, says Wangensteen {Radiology, 1931, 17, 44). 
Shadows of gas in the small intestine demonstrate the presence of 
intestinal stasis. The “ladder pattern” of gas distention in the small 
bowel need not be awaited to make the diagnosis. In simple obstruc- 
tion gas can usually be visualized in the small bowel within 4 or 5 hours 
after the onset of symptoms. When the obstruction is due to strangu- 
lation the gas does not appear as early as in simple obstruction. In 
the inhibitive ileus of peritonitis, gas distention of the small bowel may 
be observed early. Distention of both colon and small intestine is 
almost invariably present. Dense “bands” between the intestinal 
loops are indicative of exudate between the intestinal coils. 


Osseous Changes in Hyperparathyroidism. — Roentgenographic 
changes observed in the osseous system in 2 cases of hyperparathyroid- 
ism associated with tumor of the parathyroid gland are described by 
Camp and Ochsner {Radiol., 1931, 17, 63). The roentgenographic 
changes comprise generalized osteoporosis, cystic lesions and deformities. 
The generalized osteoporosis is characterized by a miliary or gi’anular 
appearance, is best observed in the skull, and seems to be peculiar to 
hyperparathyroidism. In addition, the trabeculce and cortical bone 
are thinned, and areas of subperiosteal absorption are seen in the long 
bones and phalanges. Single or multiple cystic lesions are found in the 
jaw, pelvis and long bones, and are often confounded with those of 
osteitis fibrosa and giant-cell tumor. The deformities caused by 
softening of the bones consist of kyphosis, narrowing of the pelvis, 
coxa vara, bowing of the legs, and infractions. Renal calculi are not 
uncommon. In each of the 2 cases removal of the parathyroid tumor 
was followed by definite arrest of decalcification and progi’ess toward 
restoration of the normal bOne structures. 


Physical Therapy Measures in the Treatment of Burns. — In the 
treatment of extensive infected burns, Peck {Arch. Phys. Therap., X-ray, 
Rad., 1931, 12, 327) has found heat and ultraviolet radiation to be 
valuable aids to skin-grafting. The heat, applied after grafting, was 
derived from an “oven baker,” and a temperature of 100° F. was 
maintained about tlie injured parts, which were kept covered by moist 
dressings. Ultraviolet radiation was used in preparing the wound sur- 
faces for grafting. It appeared to decrease the amount of surface infec- 
tion and to promote more rapid formation of healthy granulation tissue. 
When the infection was marked, an initial exposure of 100 to 150 per 
cent of the erythema dose was given, and this was followed by smaller 
doses. After about 2 weeks the wound was ready for skin-grafting, 
and the heat treatment was then also supplemented by renewed 
idtraviolet radiation. 
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Stuttering.— Blanton {Mcnt. Hyg., 1931, 15, 2, 270), states that 
speech is the index of the mind; not only the index, but the very medium 
through which the mind is formed and deAmloped. No child should 
leave school with a defect of speech if it is- possible to remedy it. Stut- 
tering, especially, should receive the attention of teachers everywhere, 
for it not only causes a blocking or hesitations in the outward speech, 
but disturbs the emotions so that clear thinking is often impossible. 
It may show itself as a complete blocking of the speech or a repetition 
of initial sounds is any imaginable combination of these two symptoms. 
There is no dividing line between the frank stutterer who shows blocking 
and hesitation, and the person who is nervous, embarrassed, and timid 
when called upon for speech. Speech is a medium of group social 
adjustment. Stuttering is a symptom of an inability to adjust to the 
group. It is caused by a fear, a timidity, or a negative (hate) attitude 
toward the group. To understand the cause of stuttering in an individ- 
ual, it is necessary to study first, the development of the emotional 
life of the stutterer and second, the nervous and muscular system of this 
person. Psj'choanalysis alone, is not an effective method of treating 
stutterers. Speech training must also be used in most of these cases to 
get adequate results . The physical symptoms of stuttering are explained 
by the fact that speech is made up of muscle movements that have a 
more primitive function. Breathing movements, chewing movements, 
suckling movements, coughing, and vomiting movements, are all 
coordinated through the speech area into the unified movements of 
speech. When there is an emotional blocking of tlie control of tire higher 
brain centers over these lower brain centers, each lower brain center 
tends to act independently, but it is the early fixations that determine 
whether the stuttering shall consist of a repetition of sounds, or a vomit- 
like blocking, or a suckling movement. The psychologic causes that 
lie back of stuttering — the fixation of the libido at the oral, or anal- 
erotic stage and at the narcisistic stage, make the stutterer so sensitive 
to the attitude of others tliat he is often unable to speak normally. 
Other causes of stuttering are left-handedness, and developmental 
defect of organic, constitutional or functional nature in the muscujar 
and nervous system underlying speech. The treatment of stuttering 
comprises physical hygiene, mental hygiene, -and speech training- 
each of which tlie author discusses quite adequately and in a we.l- 
rounded manner. 
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On the Treatment of Tabetic Optic -Nerve Atrophies With Sulphur. — 
Winkler (J. Ncrv. afid Mcnt. Dis., 1931, 73, 276) declares that optic 
nerve atrophy of tabes is characterized by. (1) Disappearance of the 
most tender septal ramifications and of their bloodvessels, then a club- 
shaped thickening of the bigger septa; (2) the glia fiber system, mediat- 
ing for the nourishment of the nerve fibers from the bloodvessels, first 
shows a spotty sclerotic thickening and will disappear later; (3) the 
sheaths of the nerve fibers tumefy at the eenter, later are destroyed and 
secondarily destroy the axon itself. In the pathogenesis of the optic 
atrophy the nutritive trouble caused by tlie destruction of the glia and 
the capillaries must play the leading role. To this is added a toxic 
action. Assuming this to be correct, then only such a therapy can be 
successful, wliich beside improving the blood and lymph circulation 
of the optic nerve, will also promote the elimination of the spirochetal 
toxin by neutralization or by a rapid transportation from tire organism, 
and will raise the resistance of the nervous glial elements against these 
toxins, vivifying the intermediary metabolism and also the elimination 
of the local toxin. Tliis therapy is adequately supplied by intramuscular 
injections of sulphur. After treatment the changes noticed are: (1) 
Improvement of visual acuity; (2) enlargement of the visual field; (3) 
reappearing of color vision, and (4) changes of the gi-ayish discoloration 
into red, due to improved circulation. The observed result has proved 
permanent to the present time. 


PATHOLOGY AND BACTERIOLOGY 


UNDER THE CHARGE OF 

OSKAR KLOTZ, M.D., C.M., 

PROFESSOR OF PATHOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA, 

AND 

W. L. HOLMAN, M.D., 

PROFESSOR OF BACTERIOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA. 


Pulmonary Asbestosis in a Dog.— Schuster (,7. Path, and Bad., 
1931, 34, 751) reports the autopsy findings on a dog which had lived 
10 years in an asbestos factory. The animal had had dyspnea for the 
last 2 years of its life, lost considerable weight, and was finally killed 
as it became helpless. The lungs were small and showed a difi:'use 
shotty induration. The pleura was markedly tliickened. There was no 
evidence of pneumonia, hemorrhage or tuberculosis. The author 
regards the lung changes as an uncomplicated picture of asbestosis, 
characterized by an interstitial fibrosis, dilatation of bronchioles and 
the presence of numerous asbestos spicules. "Asbestos bodies” 
(described by Cooke, Brit. Med. J., 1927, 2, 1024) were lacking in the 
lungs of this dog. The author regards these bizarre formations as the 
product of infection superimposed upon asbestosis. 
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The Anticarcinogenic Action of Dichlorodiethylsulphid (Mustard 
Gas).— Berenblijm (J. Path, and Back, 1931, 34, 731) reports the re- 
sults of further experiments along the same lines as his earlier work 
on mice showing that mustard gas inhibits the tumor producing proper- 
ties of tar, from which the author concludes that mustard gas exerts a 
purely local action upon the mouse skin causing it to become refractory 
to the carcinogenic action of tar. Tliis refractory state develops almost 
as soon as the mustard gas treatment is begun and subsides very soon 
after this treatment is discontinued. No distinctive histologic changes 
could be attributed to the mustard gas, a fact which inclines the author 
to abandon his earlier view that the tumor inhibition was due to a 
"superoptimal degree of irritation.” He now suggests that mustard 
gas may exert some specific chemical action on the tissues rendering 
them refractory to the carcinogenic properties of tar. 


Flocculation Reaction With Staphylococcal Toxin.— Burnet (J. Path, 
and Bad., 1931, 34, 759) studied the flocculation phenomenon that 
, occurs W'hen staphylococcal toxin and antitoxin are mixed under certain 
conditions. The author found that this reaction in many respects was 
similar to that obtained witli diphtheria toxin. Flocculation actually 
represented a precipitation of the product of toxin-antitoxin union for, 
by suitable methods, either toxnn or antito.xin could be liberated from 
tlie washed floccules. The point of optimal flocculation was found to 
be constantly related to the tube in the mixtures that contained equal 
quantities of toxin and antitoxin but it always occurred in the zone, 
from tills neutral point, of excess antitoxin. The point of optimal 
flocculation did not indicate a “natural” equivalence of toxin and anti- 
toxin. The flocculation of toxins modified by formalin treatment and 
by heat was also described and compared with the other properties of 
such preparations. 

Blood Cultures in Chronic Infectious Arthritis, — Bernhardt and 
Hench (J. Inf. Bis., 1931, 49, 489) endeavored to confirm the finding 
of Cecil, Nicholls and Stainsbt {Am. J. Med. Sci., 1931, 181, 12) 
that streptococci could be isolated from the blood stream of patients 
sufFering from chronic infectious arthritis in 62.3 per cent of cases. A 
survey of previous bacteriologic studies was made and 780 cases col- 
lected, microorganisms had been isolated in 26 per cent of these, 'with 
streptococci forming 18 per cent. Tw'enty patients in the active stage 
of rheumatoid arthritis afforded the material for the present investiga- 
tion. Blood culture was carried out for 30 days by tliree different 
metliods, including that published by Cecil, Nicholls and Stainsby. 
The media used by the latter wwiters had, however, been fractionally 
steam sterilized while that used by the authors was autoclaved. _ Con- 
trary to the results quoted above, streptococci were not found in any 
of the cultures. GrowHis were obtained from 5 of the patients, 4 were 
staphylococci and the fifth a diphtlieroid organism. The authors do 
not consider their results as an argument for or against the inf^tious 
theory of this type of arthritis, but point out that it is extremely difficult , 
with present cultural methods to isolate microorganisms from the blooa 
of people suffering from the condition studied. 
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An Epidemiologic Study o£ Typhoid Fever in Six Ohio River Cities.— 
Veldee,(^7. S. P-uh. Health Rep., 1931, 46, 1460) points out that the 
sanitary control of the public water supply is for the purpose of pre- 
venting water-borne diseases, especially typhoid fever, and the pollution 
of the raw water of the Ohio River is notorious. It is shown that prior 
to purification the typhoid rate was very high and that tlie disease 
occurred throughout the year. After purification of supplies was 
inaugurated the disease was much reduced and became one limited to 
summer and fall. In the opinion of the author it can no longer be 
attributed to water. 


Cultivation of Vaccine Virus for Jennerian Prophylaxis in Man.— 
Riveks in a previous communication has described a simple medium 
for the cultivation of vaccine virus. The results of the work reported 
at that time clearly indicate that vaccine virus is capable of multiplica- 
tion in the presence of minced chick embryo tissue suspended in Tyrode’s 
solution. The experiments, however, were conducted with a neuro- 
vaccine virus and, although the active agent engendered in cultures 
caused typical vaccinal lesions in rabbits, it Tvas deemed best not to 
test it in human beings. To obtain a culture virus for Jennerian 
prophylaxis in man it seemed advisable to adapt a dermal strain of 
vaccine virus to the particular method of cultivation. The present 
paper (J. Prev. Med., 1931, 54, 453) deals with the results of this work. 
The medium employed for the in vitro cultivation of vaccine virus is 
exceedingly simple, but one must remember that it contains living cells. 
In spite of recent reports to the contrary, no one has definitely shown 
that vaccine virus is capable of pollution in the absence of surviving 
susceptible cells. Several kinds of media have been devised for the 
production of vaccine virus. The one described in this paper, however, 
is the best of the lot already proposed, because, inasmuch as neither 
serum nor plasma is used, and since the tissue consists of minced chick 
embryo, it is the least likely to become contaminated by an extraaeous 
virus injurious to man. Furthermore, the virus, produced in this 
manner remains potent in 50 per cent glycerol at -{-2.5° C. for at least 
a month. More information, however, concerning the length of time 
the culture vaccine remains active under a variety of conditions should 
be obtained, and to tliis end experiments are now being conducted. A 
dermal strain of vaccine virus has been adapted to a simple culture 
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medium consisting of minced chick embryo suspended in Tyrode’s 
solution. The bacteria-free culture virus thus obtained produces in 
lou'er animals and in man typical vaccinia that renders them refraetory 
to infection with ordinary vaccine virus harvested from calves. 


The Effect of Irradiation .With Ultraviolet Light on the Frequency of 
Attacks of Upper Respiratory Disease (Common Colds).— Doull, 
Hardy, Clark and Herman (Am. J. Hyg., 1931, 13, 460) report the 
results of studies of ,a group of adult volunteers, numbering 363, who 
were kept under observation from September 29, 1929, to May 31, 1930, 
a period of 35 weeks. A vigorous effort was made to secure reports of 
all cases of upper respiratory disease (common colds). From this 
number, approximately one-half was selected at random for irradiation, 
which was given over the first 31 weeks of the period. Mercury-vapor 
lamps were used and the intensity of erythema-producing rays was 
measured biweekly. The dosage was light to moderate, the individuals 
being stripped to the waist and exposed, either on chest or back on each 
occasion, to that dose, which from previous experience with the subject, 
seemed likely to produce only a minimal erythema. Total incidence 
for the period was slightly higher for the irradiated (receiving more than 
10 treatments) than for the controls. Also cases of a more severe type, 
as evidenced by absence from duty and confinement to bed, by occur- 
rence of fever, by productive cough or by long duration, were just as 
frequent in the irradiated as in the control group. 

The Weil-Felix Reaction in Endemic Typhus Fever and in Rocky 
Mountain Spotted Fever.— Spencer and Maxcy (U. S. Pub. Health 
Rep., 1930, 45, 440) refer to the fact that the Weil-Felix reaction has 
been regarded as highly specific of typhus. After a description of the 
cultures and technique they state the following conclusion; The 
Weil-Felix reaction is positive in a large proportion of cases of Rocky 
Mountain spotted fe^'e^. The mechanism of this reaction, although 
similar, is not exactly identical with that occurring in typhus fever. 
There is a qualitative difference. 
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Evidence for the Existence of Amino Groups on the Serum-sensitized 
Surface.— Eleanore W. Joffe and Stuart Mudd (from the Depart- 
ment of Baeteriology and the Henry Phipps Institute, University of 
Pennsylvania). The combination of antigen and antibody is dependent 
upon tlie specifie chemical constitution of botli substances. This com- 
bination forms or results in the formation of a deposit or film on tiie 
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antigen sui-face. Tiie properties of this sensitizing film approximate 
those of denatured serum globulin. 

The specific combination between antigen and antibody may be 
determined by agglutination or by the resuspension reaction. Tliese 
reactions are consequent upon tlie deposit of antibody globulin on the 
antigen surface. With the progi’essive formation of a surface deposit, 
the isoelectric point of the antigen particles approaches that of the 
deposited substance. This affords further means for demonstrating 
that specific combination has taken place. 

The addition of formaldehyde in sufficient excess to a protein masks 
the presence of any primary amino groups and leaves the protein with 
freely titratable carboxyl groups. Such a deaminization should shift 
the isoelectric point of the protein to the acid side. 

This report presents evidence for the existence on the serum-sensi- 
tized surface of free primary amino groups which can be substituted 
without very greatly interfering with the combination of antibody with 
antigen. 

Salmonella pullorum was sensitized with specific antiserum. When 
sensitization was complete, the sensitized bacteria were divided into 
two portions. One of these was treated with saline solution, the other 
with formaldehyde. Agglutination and resuspension reactions w^ere 
read. The isoelectric points were determined in the microcataphoresis 
apparatus. The isoelectric point, in the case of maximally sensitized 
bacteria, was shifted from pH — 5.2 — 5.0 to pH == 4.5 — 4.3. In 
order to determine whether specific combination would take place if 
the serum was first deaminized, the specific antisera were treated with 
formaldehyde. The bacteria were then added (1) suspended in salt 
solution, and (2) suspended in formalin. Agglutination and resuspen- 
sion reactions were read. The isoelectric points were determined and 
found to fail within the range pH = 4.5 — 4.3 in maximal sensitiza- 
tion. 

Previous experimental work has shown that most bacteria migrate 
to the anode when placed in a buffered solution in an electric field. In 
some cases the bacteria have definite isoelectric points, whereas others 
retain a negative charge even down to pH values below 2.0. The 
strain used in the experiments described show' only a minimal charge 
in buffers of any pH studied and this minute charge is not altered by 
treatment with formaldehyde. With sensitization this organism 
assumes a definite isoelectric point and this isoelectric point does not 
vary greatly as sensitization increases. 

Thus the shift in the isoelectric point due to treatment of the sensi- 
tized bacteria or of the antiserum wdth formaldehyde does not seem to 
be due to a removal of antibody globulin film from the antigen but 
to an alteration in the chemical nature of the film. This alteration is 
interpreted as an effect upon primary amino groups in the serum- 
sensitized surface. 


Estimations of Cardiac Work During and After an Attack of Angina 
Pectoris. —Isaac Starr, Jr., Leon H. Collins, Jr., and Francis 
C. Wood (from the Medical Division of the Hospital of the Uni\'ersity 
of Pennsylvania and the Laboratory of Pharmacology, University of 
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Pennsj'lvania). We have been fortunate enough to secure observations 
on a case of angina pectoris during an attack. Before the attack blood 
■pressure and pulse rate ■were normal. After the onset of pain, pulse 
rate and blood pressure increased markedly and respiration was recorded 
as high. At this time the cardiac output (Starr and Gamble method) 
was 3.4 liters per min., the cardiac work 6.6 kg. meters per min., the 
cardiac work per beat 52 gm. meters, the oxygen consumption 200 cc. 
per min. Twenty minutes later the pain was far less intense, the blood 
pressure had fallen somewhat, the pulse rate and respiration were also 
lower. The cardiac output was 2.4 liters per min., the cardiac work 
3.6 kg. meters per min., the cardiac work per beat 36 gm. meter^ the 
oxygen consumption 173 cc. After these determinations nitroglycerin 
was administered and the pain disappeared within 5 minutes. The pulse 
rate did not change significantly, the systolic blood pressure fell a 
little but regained its previous level in a few minutes; diastolic pressure 
and respiration Avere unchanged. Fifteen minutes after the drug the 
cardiac output Avas 2 liters per -min., the Avork 2.5 kg. meters per min., 
or 28 gm. meters per beat, the oxygen consumption 188 cc. 

These data are consistent with the conception that angina is caused 
by a situation which demands increased cardiac Avork, for the AA'ork 
decreased as pain diminished. On the other hand they do not seem 
consistent with the conception that angina is primarily , due to coronary 
spasm, for in this condition one would ejq^ect the Avork of the heart 
to be diminished during an attack and to increase after it Avas over. 

About tAA’o Aveeks after these observations the patient had an attack 
diagnosed as coronary occlusion and died. Necropsy Avas not permitted. 


Absorption of Oxygen by the Skin and Its Effect "Upon the Vascular 
Reaction to Stasis and to Histamin.— S. Goldschmidt and B. 
McGlone (from the Department of Physiology, University of Penn- 
syh^ania). The cyanosis, which dcA'elops in an arm with the circula- 
tion totally or partially occluded, may fail to appear AA'hen the part is 
surrounded by an atmosphere of oxygen. This result is a convincing 
eA'idence of the passage of oxygen through the skin into the blood of 
those ATSsels Avdiich give it color, and is consistent Avith the findings of 
preA'ious investigators, notably ShaAv and his coworkers,’^ that oxygen 
may be absorbed by the cutaneous route. The skin of the forearm is 
usually maintained free of cyanosis under these conditions, Avhile the 
fingers especially and the hand are quite refractory. 

ReactiAm hyperemia upon release of the occlusion is confined to those 
parts which Avere cyanosed or “ dusky” before the release. The oxygen, 
therefore, would seem to prcA’^ent the dilatation of the skin A^essels 
Avhich prevails in an arm with arrested circulation, in air or nitrogen. 

The failure to obtain a reactNe hyperemia under these conditions 
Avas examined in the light of the hypothesis of Lewis,- which ascribes 
the control of the small vessels of the skin to an “H” substance, a 
normal metabolite, tlie identity of which witli histamin Leivis believes 
to he established by a Avealth of convincing cA-idence. 

Our findings, therefore, AA'ould seem to indicate that eitlier histamin 
is not produced or it is destroyed under the prevailing conditions. Inc 
idea as developed by Lewis precludes the &st possibility, since if one 
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assumes that dilatation of the small vessels of the skin under a variety 
of phj’^siologic conditions is due to the substance, one must of 
necessity, as indeed Lewis does, postulate that the substance is a norma! 
skin constituent, present in but small amounts normally, but piling 
up when the circulation is arrested. 

As to the second possibility, a destruction’ of the histamin by the 
high oxygen tension, it might be expected, if this were the explanation 
of our findings, that there would be a diminution or failm’e of the his- 
tamin reaction when introduced intradermally. On the contrary, 
the reaction is obtained even in very high dilutions. Indeed, under 
these conditions one observes a well defined flare, a fact also incom- 
patible with Lewis’ belief that this part of the “triple reaction” of 
histamin is exclusively a reflex arteriolar dilatation. 

1. Shaw, L. A., Messer, A. C., and Weiss, Somn: Am. J. of Phys., 1929, 90, 107. 

Shaw, L. A., and Messer, A. C.: Am. J. of Phys., 1930, 95, 13. 

Shaw, L. A., and Messer, A. C. : Am. J. of Phys., 1931, 98, 93. 

2: Lewis, Thomas; The Bloodvessels of the Human Skin and Their Responses, 
London, 1927. 


The Nervous Discharge from the Carotid Sinus.— D. W. Bronk and 
G. Stella (from the Johnson Foundation for Medical Physics, Uni- 
versity of Pennsylvam'a). A large body of evidence emphasizes the 
importance of afferent nerve impulses from the aorta and carotid sinus 
in the nenmus regulation of blood pressure. There is, however, little 
known regarding tlie nature of these nerve messages and how they 
effect this regulation. The present study has therefore been directed 
to an analysis of the discharge from single pressure receptors in the 
walls of the carotid sinus in relation to the arterial pulse. 

Synchi’onous with the rapid systolic rise in pressure the end organ 
discharges impulses at a maximum frequency that may be as high as 
120 to 140 a second. If the mean pressure is not high, the frequency 
rapidly falls during diastole and in many cases there is no dischai'ge of 
impulses at all during this part of tlie cycle. The frequency and dura- 
tion of the discharge is, howevei*, largely dependent upon the form of 
the pulse curve and the mean pressure. 

As the mean blood pressure increases, the average frequency of 
impulses increases, the duration of the discharge in each heart cycle 
becomes longer and more end organs come into action. The result 
of a higher blood pressure is therefore a greater number of afferent 
impulses going to the centers in the medulla per unit of time. This 
increased number of impulses presumably acts upon the vasomotor 
centers in such a way as to cause a decrease in the outflow of sympathetic 
impulses to the walls of the bloodvessels, with a consequent vaso- 
dilatation and fall in pressure. 


The Association of Duodenal Ulcer With Adrenal Damage.— Charles 
IMcLaughlin (from the Department of Research Surgery, University 
of Pennsylvania). Observations from 19 dogs with varying degrees 
of adrenal injury were reported. Ten of these were subjected to bilateral 
adrenal damage, while 9 had only one adrenal injured. Cauterization 
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of tlie adrenal cortex, and to a lesser extent of the medulla, has been 
undertaken in two stages, using a high frequency coagulating cuiTent. 
A period of from 2 to 3 weeks was permitted to elapse between opera- 
tions. The average time elapsing between tlie first operation and 
autopsy, of the group subjected. to bilateral cauterization, was 31^ 
days. The period before autopsy following the second stage of the pro- 
cedure varied from 1 to 10 daj^s. 

Congestion involving the mucosa of both the stomach and small 
bowel was noted in 5 cases, being moderate in degree in 3 animals and 
marked in 2. Congestion of the mucosa of the small intestine alone 
was much more striking, being present in 10 dogs. Frank gastro- 
intestinal hemorrhage with free blood in the stomach and small intes- 
tine was present in 3 dogs. In 15 of the animals definite ulceration 
was present in the small intestine, being most marked in the duodenum, 
but present also in the jejunum and upper ileum. In no case was any 
evidence of gastric ulceration found. 

The ulcers were of two distinct types, which we have classified as 
acute and chronic on the basis of their appearance. In S animals the 
ulceration was of the acute type. The average length of life following 
the first stage of the operative procedure in this group was 15 daysj 
only 4 of these 9 dogs having been submitted to the second stage opera- 
tion, so that in 5, only one adrenal was affected. 

Seven of the 15 animals presented definite circumscribed ulcers of 
a chronic type, with heaped up edges and ragged excavated craters. 
The ulcers appeared in the duodenum, jejunum and upper ileum, from 
3 to 8 being found in each animal. No ulcers were ever present above 
the pyloric ring although in several animals they began just distal to 
it. There was no evidence of perforation in any case. The average 
length of life in this group of 5 animals following the first operation 
■was 29 days. 
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PERORAL AND INTRAVENOUS CHOLECYSTOGRAPHY: 

A COMPARISON OF THE RELATIVE MERITS AND 
RESULTS IN 100 CASES.* 

By Lewis H. Hitzkot, M.D., 

INSTRUCTOn IN MEDICINE, ENTVEESITY OF PENNSYLVANIA; ASSISTANT PHYSICIAN, 
hospital of DNIVERSITV OF PENNSYLVANIA, 

AND 

Eugene P. Pendergeass, M.D., 

ASSISTANT PROFESSOR OF RADIOLOGY, UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

(From the Gastro-intestinal Section of the Medical Clinic and the Department of 
Radiologj' of the Hospital of the University of Pennsylvania.) 


The following study is an attempt to determine from the clinical 
as well as roentgenologic standpoint the relative effectiveness in 
cholecystography of the two accepted metiiods of administering the 
iodin-containing dye; incidentally to establish for ourselves the 
practicability of the intravenous method for ambulant patients. 

The study differs from previously reported comparisons in that 
the patients were chosen to represent all phases of the gall bladder 
syndrome. Practically all results hei’ctofore reported have been 
obtained incidental to a larger series in those individuals who came 
to operation, and by investigators who were already committed to 
one or the other method of administration. The reports have 
shown fairly consistent agreement in positive findings in the obvi- 
ousN diseased gall bladder which demands surgical treatment; and 
the operation has confirmed both the peroral and intravenous tests 
in upward of 80 per cent of instances. 

The clinician’s real problem in gall bladder suspects, however, 

Ec.'id before tlic .Section on Medicine of tlie College of Physicians of Piiiladolphia 
Murcb 23, 1931. 

VOL. 1S3, NO. 6 . — M.VY, 1332 
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is to determine accurately when to advise surgical treatment in the 
instances in ^yhich symptoms and signs have not yet indicated 
surgery to patient and doctor alike. If taken in the elective stage, 
operation obviously prevents much suffering and secondary morbid 
change in the body. The real diagnostic value of cholecystography 
therefore lies in its dependability in these less dramatic cases. Con- 
sequently, the present series was made to include a majority of mild 
or indefinite cases in spite of the fact that operative proof was not 
obtained. In the abseirce of operation we have checked the accuracy 
of the two tests against the assembled clinical data and final 
diagnosis. 

Further unprejudiced comparison of tlie value of the tests is indi- 
cated also by the fact that in the 7 years that cholecystography 
has been in use a distinct cleavage has developed between propo- 
nents of the peroral and intravenous methods. The originators^ 
and a large number of able examiners use the intravenous technique 
exclusively. An equally imposing group of clinicians and roentgenol- 
ogists maintain the superiority of the peroral method. 

The former group have consistently held that the unreliability 
of the peroral method outweighs in importance the technical diffi- 
culties of the intravenous. Their position is that the peroral test 
is of value only if it shows normal gall bladder function, the presence 
of nonopaque cholesterol stones, or gross deformities of the viscus. 
In the instances in which the shadow is faint or absent from the 
roentgenographic films they contend that the interpreter frequently 
cannot be certain whether gall bladder or test is at fault. The doubt 
arises from the fact tliat imperfect absorption of the dye from the 
intestinal tract, or vomiting or diarrhea which at times follow its 
ingestion, may play a part in the abnormal result. Asserting that 
the above variables cannot be eliminated when the dye is gi^"en by 
mouth, and because they are likely to implicate a gall bladder not 
diseased, that school subordinates the practical difficulties of the 
intravenous technique to a determination to achieve accuracy. 

On the other hand, the proponents of the . peroral method feel 
as stronglir that, with proper technique and watchfulness, its unreli- 
ability may be minimized; that its simplicity and harnilessness 
make it therefore the method of choice, especially where large 
numbers of patients must be handled. 

One further factor, that of reaction to the drug, must be con- 
sidered in an appraisal of the methods. Reactions to the swallowed 
dye, while they may interfere with the interpretations, are ne\'er 
aiarming. Serious or dangerous reactions, on the other hand, have 
been reported when the dye is injected into a vein. Such ha^ c 
been denied for a large series by Moore- who reported recently' t ie 
experience of 6-| years at St. Louis. KirkliiF of The Mayo Clinic, 
however, who uses the peroral technique, in a recent appraisa o 
cholecy.stogra])hy, writes: “Occasional serious reactions, even in tlic 
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hands of experts^ make one hesitate to iiv^e its use (•?’. e., the intva- 
venons method) as a general routine. . . . Few examiners use 

it in office practice; the general feeling is that the patient should 
be hospitalized.” Such requirement would of course seriously 
handicap the intravenous method as a routine measure. 

Methods. Our procedure n^as to choose, during the past year, as 
they came along for study, 100 patients from the gastrointestinal 
outpatient section and the medical wards of the hospital, and 
arrange that each one receive both tests as closely together as 
possible. vSixty per cent of the group were chosen from among the 
outpatients in order to establish to our satisfaction that the intra- 
venous test is safe and practicable for ambulant patients. This of 
course is an absolute necessity if the intravenous method is to com- 
pare in practical value to the peroral. Seventy of the patients were 
women, 30 men. All but 10 received the dye by mouth first. (It 
was found that the order of the tests had no influence on the inter- 
pretations). Most of the patients were gall bladder suspects. In 
15 per cent biliary tract disease was not seriously considered and 
these individuals acted as controls. We excluded from the intra- 
venous group, and therefore from the series, only those patients 
with marked cardiovascular disease, in whom reaction or sudden 
fall in blood pressure might lead to accident, and patients in the 
acute stage of cholecystitis or with common duct obstruction, in 
whom both tests are valueless. 

No modifications of the established technique were made which 
might alter the interpretations of one or the other test. The depart- 
ment of radiology had previously set 40 gr. (2.6 gm.) of tetiothalein 
sodium N.N.ll. (lodeikon-Mallinclvrodt) as the standard dose of 
dye adequate for satisfactory shadows by the peroral route. It 
was given dissolved in water with or shortly after a light evening 
meal. The first film was made 14 hours later. Tetradol and other 
preparations had been given thorough trial by the department and 
no other found so uniform in results. Grape juice as a vehicle had 
been discarded because it was found often to cause pylorospasm 
and slow absorption; carbonated water, because some of the dye was 
apt to be lost in the froth which resulted from the mixture. Data 
regarding the relative amounts and types of dye used are included 


in Table 1. 

TadiiE 1.— Method of Study. 

Number 

.and 

Der cent. 

Total number of cases studied 100 

Intorv.al between tests ; Less than 3 weeks SI 

3 weeks to 3 months 9 

Over 3 months 10 

Dye used: Peroral method: 

Tetiothalcin-sodium (lodeikon), 2.5 gm 100 

Intravenous method ; 

Phentctlothalein-sodium (Iso-iodoikon), 2.5 gm. . . SS 

Tetioth.aloin-sodium (lodeikon), 3.5 gm 12 
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For tlic iutraveiioiis test tlic patients reported in groups of 2 or 3 
in the late afternoon. We found for this work, after a trial in 12 
cases of the identical dye used for oral administration, that the 
isomer of tetraiodophenolphthalein, the phentetiothaleiii sodium 
N.N.R., or iso-iodeikon, was the more satisfactory. The dye was 
injected and the effects closely watched for i hour by one of us 
(L.H.H.). 

We further diluted the freshly sterilized 8 per cent solution of the 
drug by injecting it, not directly into tlie vein, but into the rubber 
tubing through which a free gravity flow of warm physiologic 
saline into the vein had been established. This refinement was first 
suggested by Liest^ and to us by Dr. Jacob Vastine. By such pro- 
cedure we hoped to escape the severe reactions which are generally 
believed due to too rapid administration or too strong a solution. 

Each subject was kept recumbent for at least § hour after the 
injection and then allowed to go home or back to the ward as the 
case might be. Sixteen to 17 hours elapsed between the injection 
and the first film, whereas in the peroral test the interval was 14 
hours. It has been established, however, that there is no constant 
superiority of shadow at any one time between the limits of 14 and 
17 hours, so that tlie unequal interval before filming need not be 
considered as unfair to one or the other test. Otherwise the pro- 
cedure, once the drug was administered, and until the last film had 
been made, was identical for both groups. Sufiice to say that each 
set of films was reviewed independently by one of us (E.P.P.) 
without any clinical facts of the case at hand, and a second compari- 
son made. 

Kesults. Three facts stand out as a result of the comparison; 
First, tliat the peroral test was inconclusive, in spite of careful 
technique, in one-third of the cases; second, that tlie observation 
of the dye shadow in the intestinal tract was an absolute necessity 
before tlie interpreter could make a report of a non-functioning 
gall bladder on the oral test; and third, that the reactions to the 
intravenous technique, while not alarming, were sucli as to necessi- 
tate great care in its administration. 

In Tables 2 and 3 the results of the parallel series are summarized. 
One-fourth of tlie patients had normal cholecystograms by botli 
methods, and in the majority of these tlie shadows were equally 
satisfactory for the interpreter. Both tests agreed in showing abnor- 
mal function in approximately one-third of llie number, making the 
total of agreement 61 per cent. 

Of the remaining 39 per cent the peroral method was G times more 
often inconclusive, for one reason or another. In 27 of tiie 3' 
doubtful peroral results, tlie fault lay with the test and not with the 
patient. Of tlie 32 instances (Table 2) where the gall bladder was 
found to function normally by the intravenous test after die peroral 
had led to an abnormal or unsatisfactory report, the clinical ana 
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Other laboratory data confirmed tire intravenous in 25, or 73 per cent. 
Poor utilization of the dye, with insufficient shadow, and loss of 
dye due to reactions were, so far as could be determined, the main 
causes of the inconclusive oral tests. In 3 oral and a like number of 
the 5 inconclusive intravenous tests, gas in overlying bowel obscured 
the picture. 

Table 2.— CoMrAiirsoN of Results. 


Normal function, by both tests 25 

Abnormal function by both tests 36 

Peroral inconclusive, intravenous normal function 32 

Peroral: Abnormal function 15 

Doubtful 12 

Unsatisfactory 5 

Intravenous inconclusive, oral normal 5 

Peroral unsatisfactory, intravenous abnormal 2 

Totals; Tests in agreement 61 

Tests at variance 39 


Table 3. — Relative Efficiency of the Methods. 


Interpretation of the films; 

Intravenous more satisfactory 46 

Peroral and intravenous equally satisfactory 36 

Peroral more satisfactory IS 

Checked by operation . 14 

Abnormal or absent function both tests, confirmed . .12 

Both tests normal, calculi at operation 1 

Peroral, no function, intravenous normal and confirmed . . 1 

Total Scries Checked Against Clinical Findings and Final Diagnosis. 

Intravenous test agrees 88 

Peroral test agrees 63 


The interpreter, as was to be expected, was more often satisfied 
with the density of the intravenous shadow, wdien he compared the 
two. In a considerable number, however, the shadows were of 
eomparable elarity. For a small series, the results reported by 
others were duplicated, namely, that in the tjqie of case which 
clinically demands operation, the tivo tests agree in positive results. 
The peroral test, hoAvever, more often disagreed with the completed 
clinical workup when the less obvious cases are included. 

An added result of the attention paid to the interpretation of the 
peroral cholecystograms w^as the confirmation of our previous 
observations that without homogeneous dye in the intestinal tract 
a pathologic gall bladder could not be reported even though no sign 
of tlie viscus appeared on the films. Delario® has reeentlj^ called at- 
tention to the characteristic dye shadow in the gut when tlie drug 
has been absorbed and secreted by the liver. 

From tire standpoint of reactions tlie advantage rests distinctly 
with tlie peroral technique. Tlie figures in Table 4 represent the 
number of individuals reacting, whose major symptom is recorded. 
A few had, for instance, headache along with cliill and fever, tlie 
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latter only being listed. The peroral tests were followed by unto- 
ward effects 18 times, the intravenous 54 times, including the throm- 
boses. None of the intravenous reactions were alarming, however. 
Only 2 of the ambulant patients, 1 with a cirrhotic liver, and the 
other witli a highly unstable nervous system, reacted sufficiently 
to require overnight hospitalization. There were no delayed reactions 
of any seriousness and follow-up visits or letters from 60 of the 100 
patients indicate that in these individuals at least, no late effects 
have occurred. 

Table 4. — Reactions. 


Peroral method; Total (nausea, vomiting or diarrhea) . ' . . . 18 

Interfere with interpretation of films .... 5 

Intravenous method: Total 43 

Urticaria 27 

Chill and fever G 

Vomiting 5 

iSTausea, headache or back pain 5 

Local thrombophlebitis at site of injection II 

Blood pressure readings before and alter injection in 14 unselected cases: 

Unchanged 7 

Drop of 5 points 2 

Drop of 5 to IS points 3 

Drop of 25 points (hypertension) 2 


At the beginning a few rather severe chills occurred following the 
intravenous injections, which we ascribed to the distilled water 
used for the solutions rather than to the dye. "N^Tien freshly steril- 
ized Sunbeam water was substituted, that complication was avoided. 
Urticaria of varying severity was by far the most common reaction, 
and in 5 instances small injections of adrenalin were needed to con- 
trol the itching. In spite of the great dilution of the dye (from 150 
to 300 cc. of normal saline were used in each case), the vein wall 
was in a few instances sufficiently irritated to set up a local thrombo- 
phlebitis. No great discomfort and no disability resulted from the 
phlebitis which at the maximum extended only 10 cm. up the arm. 

Blood pressure readings before and after the injection were made 
in a consecutive unselected group which included 2 hjq)ertension 
cases. The moderate drop in tension was, in our opinion, due more 
to the patient’s relaxation and loss of apprehension during admin- 
istration of the dye than to its direct action on the vascular or 
nervous system. The hypertensive patients showed no ill eftects 
whatever. No other circulatory phenomena were observed in this 

series. _ _ , i i r 

Comment. Peroral cholecystography is a diagnostic niethoo ot 
great usefulness in suspected gall bladder disease. One is led, never- 
theless, in the light of the present results to urge again that the 
clinician consider it as an aid to diagnosis in conjunction with otlier 
data, and not as making the diagnosis. Our results emphasize the 
fact tliat the peroral test, inconclusive in a tliird of the senes, must 
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not be accepted us final in doubtful cases. Under such circum- 
stances, i.c., Avkerc tiie interpretation docs not agree with otlicr 
diagnostic data oi- wimre tliere lias been question regarding utiliza- 
tion of the full quota of dye, the intravenous test should be made. 
A second peroral test after a week's interval may be of service if the 
intravenous is not available. 

In this comparison a corollary worth mentioning was the demon- 
stration in 1 case of the effect of passive congestion of the liver on 
the value of the tests. A mildly congested liver led to ^‘absent 
shadow” reports in an ambulant patient both by peroral and intra- 
venous methods. With suitable rest and digitalis therapy, a repeat 
peroral test was made and perfectly normal gall bladder function 
reported. Nothing in the history or subsequent course of several 
months has led us to suspect gall bladder disease in this particular 
patient. A liver which cannot adequately secrete the dye will, it 
must be remembered, give the same eholecystographic result as a 
gall bladder rvhich- cannot receive or concentrate the dye. 

Conclusions, The peroral cholecystogram with the present tech- 
nique has certain inescapable disadvantages, indicated by the fact 
that one-third of the tests in the present series led to uncertainty 
in interpretations or disagreed with the assembled clinical and labor- 
atory data. On the other hand, this method is free of the chief 
drawbacks of the more accurate intravenous technique, namely, 
difficulty in administration and untoward reactions. It is justified 
as the single test of gall bladder function, however, only if its limita- 
tions in the mild or early case are appreciated by the clinician. 

The intravenous technique may not be used casually or hap- 
hazardly. Its reactions, however, are not such as to preclude its 
use for office or dispensary patients. 

The procedure suggested is that the peroral test be used routinely, 
to be checked in case of doubt by the intravenous. The intravenous 
injections should be made by a member of the clinical staff, experi- 
enced in the technique, at a fixed station where proper equipment is 
concentrated. 

Note. — ^Wo desire here to espress our gratitude to Miss Ethel M. Showers for 
her very valuable technical assistance. 
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Ei'Er since the subject of gastroduodenal ulcer has been inten- 
sively studied, the view has been held that perigastric abscess 
complicating peptic ulcer is the result of slow gradual perforation 
of the gastroduodenal wall. Brunner,^ in his classical report on 
perforated ulcer published in 1903 indicated the current surgical 
opinion regarding perigastric abscess'*' in the following introductory 
statement: “My exposition is limited to ulcers which perforate 
suddenly into the free abdominal cavity to the exclusion of those 
which perforate either slowly or in the walled-off space resulting 
from preformed adhesions. The clinical picture in the latter cases 
is an essentially different one involving, as a rule, a more chronic 
affection which leads to delimited peritonitic, mainly subphrenic 
abscesses, the surgical management of which consists for the most 
part in simple incision.” Up to the present time the view ejqpressed 
by Brunner has remained practically unmolested, although experi- 
ence with peptic ulcer and its complications has increased enor- 
mously, Mojmihan,^ who is rightfully considered one of the greatest 
surgical authorities on digestive ulcer, shares essentially the same 
opinion as Bnmner. Mojmihan separates perforation of ulcer into 
tliree varieties, vis., acute, subacute and chronic. Regarding the 
latter, he states, “In chronic perforation the ulcer has slowty eaten 
its way through the stomach coats, and a protective peritonitis has 
had time to develop at the base. The escape of the stomach con- 
tents is, therefore, merely local; barriers of lymph confine the fluid 
to a restricted area and a perigastric abscess forms.” 

The internist, who has a better opportunity than the surgeon of 
obserUng the ulcer patient from the very start shares tlie identical 
view with regard to the genesis of a complicating abscess. The most 

* For the sake of convenience the term perigastric abscess is often used in con- 
nection vith perforated peptic ulcer to apply to collections of pus not only in t o 
immediate gastroduodenal region but also in more remote sites, particulari.i ii 
subphrenic spaces. "UTierevcr mentioned in this paper, pengastme abscess Jia„ me 
above broad connotation unless otherwise specified. 
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representative medical opinions can be obtained, perhaps, from the 
latest works on diseases of the stomach. Rehfiiss,® after concluding 
his discussion on. acute perforation, introduces the subject of peri- 
gastric abscess with the following paragraph: “Less dramatic in 
its intensity, but nevertheless accompanied by considerable gravity, 
is the formation of a subacute perforation followed by abscess 
formation. These patients usually present a history of months or 
years of chronic indigestion of the ulcerous ty^ie, obviously becoming 
more acute and more persistent. Sooner or later they are completely 
incapacitated by their pain and there is unquestioned evidence of 
a slow perforation. This is followed not by general perforation, 
but either by localized abscess formation or by the formation of, 
dense adhesions and a fistulous tract into one of the adjacent organs, 
more particularly the liver or the pancreas.” In connection with 
the consideration of the pathologic anatomy of ulcer complications 
Crolm^ speaks of “cases in which the perforation is a slow process 
(chronic perforation) with resultant limiting adhesions or local 
abscess formation.” Similar opinions are found in almost all med- 
ical and surgical texts, a dissenting view such as expressed by 
Walton® being quite exceptional. 

In our clinical work at the Cook County Hospital with ulcer and 
its complications we had the opportunity of following from the 
earliest stages 8 patients who presented the final picture of “clironic 
perforation with perigastric abscess.” In all of the patients observed 
the symptoms of onset were almost unmistakably those of acute 
perforation. In fact, a movable gas bubble, which is practically 
pathognomonic of rupture into the free abdominal cavity (Vaughan 
and Singer)® was demonstrated roentgenologically in 5. Operation 
was not performed at the time of admission in the 8 cases because 
permission was not granted or the attending surgeon was in doubt 
as to the diagnosis. Our experience in these few instances of abscess 
following acute perforation led us to question the accepted frequency 
of chronic perforation as a cause of intraabdominal suppuration. 
We therefore undertook to investigate the incidence of acute and 
chronic perforation in cases which proved ultimately to be instances 
of perigastric abscess complicating peptic ulcer. 

Through the courtesy and cooperation of our colleagues on the 
attending and resident staffs we were able to study, within the 
past 4 years, 22 additional patients with perigastric abscess of 
ulcer origin. Five were observed shortly after the acute perforation 
and for one reason or another were not operated upon but were 
allowed to progress to abscess formation. The remaining 17, when 
first admitted, complained of vague abdominal symptoms which 
were subsequently proved to be due to localized abdominal suppura- 
tion of ulcer genesis. In approximately two-thirds of the cases 
entering the hospital during the abscess stage, no mention of ante- 
cedent acute pain was made in the history. In these cases a sub- 
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Jicute or chronic perforation was assumed. By pertinent questioning 
with particular reference to the occurrence of previous violent pain 
which tlie patient failed to mention or to associate with the present 
illness, we succeeded without difficulty in obtaining a classical 
description of a previous acute perforation from 16 of the 17 patients. 
In each of these 16 cases the moment of rupture could be definitely 
and precisely established by the history. In the 1 remaining case 
an intolerable, overwhelming pain suggestive of perforation was 
not elicited. Of 30 cases, therefore, of perigastric abscess of ulcer 
origin evidence of acute rupture was obtained in 29, leaving only 
1 in which a chronic or silent perforation may be assumed. 

, The present belief that perigastric abscess generall}'’ follows 
chronic perforation is based upon an incomplete loiowledge of the 
natural history of ruptured ulcer. It is generally assumed that 
ulcers which, perforating acuteljq not closed surgical^q remain 
patent indefinitely and usually lead to death. In a small percentage 
of cases, according to current belief, recovery may occur, but only 
after a stormy and prolonged convalescence. While it is true that 
a rapidly fatal illness occurs in a certain proportion of unoperated 
cases, the course and outcome is by no means a uniform one. In 
an equal or possibly greater proportion of cases the original per- 
foration, instead of remaining patent, becomes spontaneously closed 
and ceases to discharge material into the peritoneal cavity (Singer).^ 
In such cases the postperforative course does not conform to the 
classical case with unlimited leakage, but varies with the amount 
and character of the escaped gastroduodenal content. In that 
group of cases where spontaneous closure occurs rather late and 
the quantity of material extravasated is relativelj'' large the resultant 
peritonitis is likely to be a severe one. If the patient survives, 
the diffuse peritoneal inflammation, after producing stormy mani- 
festations, becomes focal and one or more localized collections of 
pus are likely to remain. Subsequent absorption, spontaneous or 
surgical evacuation, or extension of the inflammation may occur. 
In a second group in which the perforation is sealed earlier and the 
amount of efflux is considerably less, the ensuing peritonitis is likel}' 
to be of only moderate intensity. The more or less diffuse peritoneal 
inflammation runs a short and relatively benign course, lasting 
usually several days. After this time, unless absorption is complete, 
signs of abscess generally appear. In a third group of acute pe^ 
forations -witli spontaneous closure the leakage is only slight and 
trifling in amount and the symptoms of peritonitis are mainly local 
and transient. In these cases which correspond to the formes 
fnistes type of Singer and Vaughan* the postperforative symptoms 
are surprisingly mild and frequently disappear within less than 
24 hours, although a residuum of infectious material may remain. 
Failure to recognize tlie fact that walling-off of a perigastric abscess 
occurs after acute rupture has taken place, explains in a grea 
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measure perpetuation of the vie^Y of chronic perforation with slow 
leakage. 

Another reason why the conception of chronic perforation prevails, 
is failure to inquire into the illness which generally antedates the 
symptoms referable to the perigastric abscess. Between the time 
of recovery from the immediate effects of the acute perforation and 
the development of the abscess there is frequently an intervening 
period dming which the patient may feel comparatively well. If 
chronic perforation is assumed to exist and the history of onset is 
not volunteered the acute pain of perforation will be overlooked. 
Even in those cases where the extravasation is rather copious a 
noteworthy improvement may occur before symptoms and signs 
of abscess supervene. In Case 1, for instance, the patient, following 
a severe diffuse peritonitis, was restored to fair health and was 
ambulatory for a time before manifest symptoms of abscess 
appeared. In the cases with moderate escape of gastroduodenal con- 
tent it is the rule to observe a decided improvement in the patient’s 
condition before the abscess asserts itself clinicall.y. After the peri- 
tonitis of onset has receded and the patient has felt comparatively 
well for a few days and perhaps ceased to remain confined, symp- 
toms of abscess are likely to supervene and force the patient to 
return to bed. Here, as in the previous group, there may be a latent 
period of days, weeks or months following apparent recovery from 
the perforation before the abscess makes its presence felt. During 
this time the patient’s health is likely to be somewhat impaired, 
although no local symptoms or signs are noted. In those cases with 
minimal leakage an abscess, if it occurs, manifests itself, as a rule, 
after the patient has to all appearances completely recovered from 
the perforation. The brief and tranquil illness immediate^’' subse- 
quent to the acute rupture is usually followed by a variable period 
of good health, during which time the patient is able to carry on his 
former occupation. When the abscess begins to evidence itself, the 
incident of the perforation and its immediate effects are no longer 
fresh in the mind of the patient and the two illnesses generally are 
not associated. It is necessary, in this group particularly, to obtain 
a minute-by-minute history if the onset of the acute, sudden, violent 
pain of perforation is to be elicited. 

That chronic, silent perforation does occur cannot be denied. A 
localized phlegmonous gastritis at the base of an ulcer may extend 
to the peritoneum, as suggested by Pa;^T,® and lead to the insidious 
development of an intraperitoneal suppurative process. However, 
the presence of a phlegmon in association with a peptic ulcer is 
extremely rare. A second and more likely occurrence is that bacteria 
may, with relative silence traverse the thin, unruptured base of an 
ulcer as described by Guibaff'’ and von Bergmann.'^ Here, however, 
the escape of organisms is relatively slow and the peritoneum is 
well able to protect itself against invasions of this tjqie in all but 
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the exceptional case. The development of a purulent peritonitis 
proceeding from an ulcer with an intact base can be considered a 
rare event. For practical purposes the pathogenesis of perigastric 
abscess complicating ulcer other than acute perforation can be 
disregarded. 

A correct conception of the relationship of perforation of an ulcer 
to perigastric abscess is of both diagnostic and therapeutic impor- 
tance. We consider the knowledge that intraabdominal abscess 
results from acute rather tlian clironic perforation necessary for the 
early recognition and intelligent treatment of many cases of peri- 
gastric abscess. For diagnostic purposes the concept of clnonic 
perforation is valueless and often misleading. It assumes that the 
solution of continuity of the gastric or duodenal wall occurs so 
slowly and silently that the actual time of nipture cannot be deter- 
mined. The earliest evidence of perforation, according to this view, 
is the presence of a clinically recognizable abscess. In other words, 
the diagnosis of an abscess is required before a perforation can be 
suspected. The notion of acute perforation here elaborated makes 
the diagnosis of perigastric abscess possible during its incipiency. 
A history of sudden, violent pain having the well-known character- 
istics of a perforation, followed later by vague abdominal complaints 
and when sought for, a slight rise in temperature is sufficient to 
direct attention to the probable presence of a perigastric abscess. 
The value of the acute perforation doctrine in diagnosis and thera- 
peusis is well examplified in the appended case reports dealing with 
intraabdominal suppuration of ulcer origin. 


Case Reports. Case 1. — F. C., a man aged 55 years, entered the Cook 
County Hospital on June 14, 1929. The history obtained at that time 
and recorded on the chart was that 38 hours before admission the patient, 
while walking in the street, experienced an epigastric pain which increased 
rapidly in intensity and caused him to return home and take to bed. After 
24 hours the pain began to diminish in intensity but did not pbside com- 
ple^el3^ He vomited several times the daj-- after onset following attempts 
at drinking. No bowel movement occurred since onset. No history of 
prewous similar attacks or of any gastrointestinal sjuiiptoms other than 
constipation was elicited. The remaining history was essentially negative 
e.xcept for the presence of a chancre in 1899. 

The physical examination disclosed a well-developed colored male, 
rather acutely ill. The temperature was 100° F., the_ pulse 64, and the 
respiratory rate 18. The blood pressure was 144 s3'5tolic and 68 diastolic. 

"’ -ervations consisted of the follondng: The pupils reacted 

■ . ' ■ the heart was irregular and the tones somewhat distant 

and weak. The abdomen was rigid, particular^” in the right upper quadrant. 
Moderate tenderness corresponding to the extent of the rigidity was elicited. 
The liver dulness was not obliterated. The knee jerks were sluggisn. 
In the urine a 4-}- reaction for albumin was obtained and numerous 
casts were seen in the sediment. The white blood count was 10,550. i ne 
diagnostic considerations included a coronary occlusion or dissecting aortic 
aneim'sm and an acute abdominal condition due to mesenteric 
ruptured ulcer or perforative appendicitis. Owing to the m^sciiritr' oi i le 
dia'”nosis the attending surgeons decided that operation was not indicated. 
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Fig. 1. — Case 2. Roentgenogram taken, Marcli 13, 1930, 15 days after acute 
pain of ulcer perforation. Beneath the right diaphragmatic dome is a fluid level 
(subphrcnic gas-containing abscess) indicated by arrow. Tlie opacity at the base 
of the right chest is due to fluid. 


Fig. 2. — Case 2. Appearance of film of March 15, 1930, taken 2 days after Fig. 1 
17 days after perforation. The shadows produced by the subdiaphragmatic air 
(indic.atod by arrow) and the supradiaphragmatic fluid have decreased in size. 




Fig. 3. — Case 2. Artificial pneumoperitoneum performed, April 28, 1930, resulting 
in the accumulation of air beneath the left dome. No air is seen to collect between 
the right leaf of the diaphragm and the dome of the liver indicating obliteration o 
the right subphrenic space. 
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The patient improved rapidly, and on June 16, 1929, 2 daj^s after entrance, 
it vras recorded the patient felt well and that the temperature did not rise 
above 99.4° F. Ten days after admission, a firm, smooth mass was pal- 
pated in the right subhepatic region. The thought of a kidney tumor as 
the cause of the sjmiptoms suggested itself and cystoscopic examination 
was advised. Pyelography failed to show any abnormalitj^ of the right 
renal pelvis. The surgeons were unable to arrive at a satisfactory con- 
clusion and transferred the patient to the medical service 2 weeks after 
admission for diagnostic study. While in the medical ward the subhepatic 
mass disappeared, the patient became afebrile and the pulse assumed a 
regular rhythm. Various types of examination were resorted to but none 
seemed to throw any light upon the origin of the patient’s s 3 Tnptoms. 
He was dischar--"! r"" •’•’y f " d health on August 3, 1929. 

Two weeks the patient was readmitted to the 

hospital on acc ;■ ' ..:-per abdomen which appeared rather 

suddenly 6 days after he returned home. It was somewhat sharp at the 
‘ nset but gradually diminished to a mild pain which persisted. A few 
days after the onset of the pain the patient perceived an egg-sized, firm 
mass in the left upper quadrant which had progressively increased in size. 
The temperature, pulse and respiratory rates were normal. The contour 
of the abdomen was distorted by the prominence of a mass in the left 
hj-pochondrium which was the size of an orange, tender and slightly mobile 
with respiration. A tentative diagnosis of carcinoma of the transverse 
colon was made. A barium enema disclosed no abnormality of the colon. 

At this juncture we had occasion to interview the patient regarding his 
past and present illness. By painstaking and persistent questioning we 
obtained the following significant history: For many years the patient has 
suffered from mild epigastric distress which he ascribed to constipation 
and which, when analyzed, had the characteristic rhytlunic relation to 
meals and the seasonal periodicity of ulcer pain. During the 3 days pre- 
ceding the onset of acute pain which occurred prior to his first entrance, 
the patient experienced an augmentation of his previous epigastric distress 
and suffered also from night pain and vomiting. On June 12, 1929, at 
about 7 n.M., following a d^ay of considerable discomfort and almost com- 
plete abstinence from food on that account, the patient was suddenly seized 
within a half block of his house by a severe epigastric pain. He stooped 
forward, and '^vith his arms crossed over his abdomen he succeeded, after 
much effort, in arriving home. By tins time the pain had reached its acme 
and was exceedingly violent and acute. The patient flung himself onto 
his bed and writhed about in an attempt to find a comfortable position. 
A physician who was summoned arrived within a hour of onset and admin- 
istered a hypodermic which rendered the pain less intense but did not 
entirely alleviate the patient’s suffering. A second hypodermic was required 
a little later, and after 24 hours the pain moderated sufficiently to permit 
the patient to rest. 

After obtaining the above history and reflecting on the physical 
signs noted at the time of the initial admission we inferred that the 
patient had probably suffered an acute perforation of a chronic 
ulcer. A review of the history indicated that the ss^mptoms and 
signs recorded during his first period of hospitalization w’-ere quite 
characteristic of the postperforative stage of a ruptured ulcer which 
had been spontaneously sealed. The subhepatic mass w'hich 
appeared and later disappeared w^e assumed to be a collection of 
gastroduodenal content and purulent exudate which was absorbed 
or spontaneously evacuated. After reaching the conclusion that a 
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previous rupture had occurred, it was a simple matter to associate 
the tender mass which recently appeared with the antecedent his- 
tory. A diagnosis of perigastric abscess was therefore made and 
operation advised. Our colleagues were still somewhat hesitant in 
accepting our opinion, and on August 30, 1929, a Roentgen ray 
examination of the stomach was ordered and the following report 
rendered; “^The right diaphragm is abnormally high and relatively 
fixed. There is a deformity of the bulb characteristic of ulcer.” 
On September 3, 1929, approximately 12 weeks after perforation, 
laparotomy was performed and a perigastric abscess was found 
and drained. The patient made an uneventful recovery and was 
discharged September 19, 1929. Up to the present date he has 
had no further difficultj’’, except at times when he becomes lax witii 
his diet and medication. 


Case 2. — M. M., a well-preserved man, aged 66 years, admitted to the 
medical service on March 11, 19.30, complained of belching and epigastric 
pain of 2 weeks’ duration. In the hospital record his history, as obtained 
by the junior intern, reads as follows: “The patient felt perfectly well 
until 2 weeks ago, when he suffered from severe cramp-like abdominal pain 
which lasted for a day or so and then gradually subsided. Vomiting, which 
occurred for the first time 2 daj^s after the onset of pain, was repeated 2 or 
3 times daily since, but ceased 24 hours preceding admission. There has 
been no relationsliip of the vomiting to the quality or quantity of food 
eaten. During the first few days of his illness hiccough was a prominent 
symptom but has now completely disappeared. For the past two I'ears 
there has been dyspnea on exertion, which became aggravated recentlj[ and 
associated with cough and expectoration especially upon change of position.” 

The temperature upon entrance was 99.2° F.; the pulse rate, 76, and the 
respiratory rate, 20. The blood pressure was 120 systolic and 72 diastolic. 
The physical observations were those of an insufficiency of the mitral 
valve, effusion in the right chest, a tender, palpable liver and a slight 
edema of the ankles. A diagnosis of right pleurisy with effusion probabb' 
tuberculous and an independent myofibrosis with a relative mitral insuf- 
ficiency was made. Later it was attempted to explain the entire picture 
on the basis of a decompensated heart until thoracentesis was resorted to 
and yielded 400 cc. of a clear fluid having the characteristics of an exazdate. 
Vomiting recurred 2 or 3 times daily xvhile the patient was under surveil- 
lance. One of the attending physicians being apprized of the emesis suc- 
ceeded in obtaining the additional history of postprandial distress and 
diagnosed a peptic ulcer in addition to a right pleural effusion. A. relation- 
ship between the two was considered but thought unlike^. An Ewald test 
meal on March 12, 1930, juelded 250 cc. with 67 degrees free and 85 degrees 
combined acidity. , 

At tliis point in the course of observation we had the oppOrtumty of 
questioning and examining the patient. We elicited the storj' that for 
15 years he had suffered periodicaUj’' from epigastric distress which was 
tjqrical of peptic ulcer. He had consulted no physician, as he could always 
obtain practically instantaneous relief from baking soda, which he used m 
large amounts. Prior to the onset of acute pain ho noted no unusua 
dexdation from his chronic ulcer distress and no symptoms which 
have been considered prodromes of a perforation. On February 26, md > 
at 6 P.M., while reclining on account of languor, the 
seized by \iolent abdominal pain w’hich began on the right side but mt 
a few minutes became generalized. The patient broke put m , 

and began to vwithe about in agony. His abdomen, which he attempted 
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protect with his hands, became as “liard as iron." IFc called to ins wife 
and implored her between gasjjs to telephone for a jdiysician iminediately. 
During the 30 minutes that elapsed between the time the phj^sician was 
summoned and his arrival the patient suffered from intolerable pain which 
he believed he could not have endured much longer. A hypodermic was 
immediately administered, followng which the patient’s suffering was 
somewhat relieved. The pain gradually diminished in intensity and % the 
following day it was relatively mild. Hiccough was first noted the day after 
onset and subsided readilj'’ to recur for short periods at intervals of a day 
or so. Four days after onset the patient first began to vomit. Shortly 
before entrance both the pain and emesis completely subsided. The reason 
the patient came to the hospital at this time was mainly on account of 
debility and shortness of breath. 

Based upon the history which indicated a recent perforation with 
diaphragmatic irritation (hiccoughing), the evidence of fluid in the 
right chest, the depressed liver and a subfebrile temperature, the 
diagnosis of subphrenic abscess with pleural extension was made. 
Our diagnosis was questioned untilRoentgenray examination (Fig. 1) 
undertaken on March 13, 1930, showed a high right diaphragm 
above which was radiographic evidence of fluid and below which 
was fluid and air. A barium meal disclosed the presence of a pre- 
pyloric deformity which caused 90 per cent retention at the end of 
6 hours. The evidence of an ulcer and of a subphrenic abscess was 
therefore conclusive. The history pointed almost unmistakably to 
a direct relationship between the two affections. On account of 
the spontaneous improvement operation was not urged. A modified 
Sippy treatment for ulcer including bed rest was instituted. The 
temperature gradually dropped, the vomiting ceased and the abdom- 
inal pain subsided. Subsequent Roentgen ray examinations (Fig. 2) 
showed a progressive decrease in the supra- and infradiaphragmatic 
shadows, both of which disappeared by April 4, 1930. The dia- 
phragm on this day showed a normal mobilitjq the prepyloric 
deformity persisted, but no retention of the 6-hour barium meal 
occurred. The patient left the hospital April 11, 1930, feeling quite 
well. He returned to the follow-up clinic complaining of shortness 
of breath and was advised to reenter the hospital for cardiac man- 
agement. On rest and digitalis his heart symptoms vanished. 
Before final discharge of the patient it was decided to investigate the 
relationship between the superior surface of the liver and the right 
dome of the diaphragm. For the determination of the presence of 
subphrenic adhesions, artificial pneumoperitoneum was resorted to 
(Fig. 3). In no position was it possible to cause air to enter the 
right subphrenic space, which was assumed, therefore, to be oblit- 
erated as a result of organization of the previous exudate. 

Summary and Conclusions, 1. In a series of 30 cases of perigastric 
(including subpiirenic) abscess of ulcer origin, convincing evidence 
of a previous acute perforation into the free abdominal cavity was 
obtained in 29. 

2. The formation of adliesions which are found about a perigastric 
abscess generally follows rather than precedes perforation. 
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3. Between the time of recovery from tlie acute symptoms of 
perforation and the time of onset of manifestations of a perigastric 
abscess a period of fair health frequently intervenes'. It is on this 
account that a patient often fails to associate the two illnesses. 

4. Unless a previous acute perforation is suspected and a minute- 
by-minute history of the initial sjTnptoms obtained, the antecedent 
occurrence of a sudden, violent abdominal pain is often riot elicited. 

5. In most instances a perigastric abscess of ulcer origin represents 
a neglected opportunity on the part of the patient, but perhaps more 
frequentlj'" on the part of the physician. 

6. Early recognition of perforated peptic ulcer, especially the 
tjqDe with mild postperforative symptoms {forme fruste), together 
with timely operation will eliminate the greater number of peri- 
gastric abscesses. 
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It is not generally appreciated that insulin plays an important 
role in tbe hunger-producing mechanism, far back as 
Harris described 3 cases of hyperinsulinism in which the patients 
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sufiercd insatiable Imnger, and he suggested that insulin was closely 
associated with the liungcr mechanism. Bulatao and Carlson have 
injected insulin in normal fasting dogs and obtained increased 
gastric motility, an activity which Avas readily inliibited by injecting 
dextrose. A similar experiment was performed on human subjects 
by Quigley, Johnson and Solomon. They injected 12 to 20 units 
subcutaneously in normal fasting men and demonstrated that 
marked sensations of hunger accompanied the increased gastric 
motility. These phenomena, too, could be readily inhibited by 
introducing dextrose into the duodenum. 

This simple yet effecth’^e method of increasing the appetite is 
seldom employed clinically. In the few case reports concerned Avith 
this treatment, the results haA'^e been gratifying in large measure. 
Talta, in 1925, reported the results in 3 abnormally thin patients 
to whom he had administered insulin as a stimulant to the appetite. 
Two had suffered Avith a chronic infection of the throat, while the 
third AA^as thin but otherwise normal. In each case the state of 
nutrition Avas poor and the resistance to disease inadequate. The 
appetite Avas small and the caloric intake was low. Falta employed 
injections of 10 to 15 units of insulin cAmry 3 hours and furnished 
large amounts of food at all times. The patients quickly developed 
Avellnigh insatiable appetites, consumed greatly increased quantities 
of food and gained from 10 to 20 pounds in 20 to 40 days. In one case, 
the appetite was increased so markedly as to closely resemble 
bulimia. 

The number of thin patients who are otherAvise normal is consid- 
erable. Out of the last 100 prh^ate patients who consulted one of us, 
4 were in this category. Add to this number the patients convales- 
cing from prolonged illnesses, and the large population in state 
institutions who stop eating because of mental depression and 
anxiety states, and the total becomes even more considerable. 
The appetite in most of these patients is not large and in some cases 
excessh’^ely small, so that the caloric intake is insuflBcient to main- 
tain the nutritional state adequately. Most of them have resorted 
to the usual tonics and stomach bitters Avithout any benefit and 
haA’^e finally accepted their reduced physical proportions and poor 
cosmetic effect with hopelessness and resignation. In this type of 
patient insulin quickly conAmrts a meager appetite into a large one 
and the food intake is increased proportionately. 

The Method. The treatment is begun by administering 3 units 
of insulin subcutaneously cA’-ery 3 hours. In order to aAmid an 
insulin reaction, patients are urged to eat liberally f hour to f of an 
hour after the injection. The dose of insulin is gradually increased 
until 10 units or eA'en larger doses are injected every 3 hours. The 
patients are further acquainted with the nature of an insulin reaction 
and are urged at all times to have aA^ailable carbohydrates in case 
an urgent need for it arises. The following cases are striking in their 
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improvement and illustrate clearly tlie ease of tlie method and the 
absence of untoward incidents during the treatment: 


Case Reports.— Case 1. M. T., female, unmarried, aged 33 years, 
nousekeeper, P. H. and P. H. not significant, has always been highstrung 
and worrisome. Six months ago an episode in the home greatly upset her. 
Since then though the facts and situation have been almost forgotten, 
her appetite has grown meager and her weight dropped steadily from 130 
pounds to 100 pounds. She could not eat much, was quickly satisfied and 
felt full after ingesting a small meal. She has grown sensitive about her 
looks and has therefore avoided her friends. Furthermore, she was fearful 
about the possibility of having tuberculosis. Her menstrual history was 
normal. The phj’^sical examination revealed nothing of note except that 
she was thin, weighing only 100 pounds though 5 feet 5| inches tall. For 
3 weeks she was given relaxing packs and tonics, a complete rest from home 
duties and a change of environment. Three weeks later she weighed 102|^ 
pounds. She was then placed on an insulin regime. On the third day, the 
patient was awakened during the night suffering from weakness and sweat- 
ing and all signs of an insulin reaction, and occasionally a similar weak 
feeling was experienced just before the evening meal. The gain in weight 
was very rapid. In 3 dairs she weighed 105| pounds; in 7 days, IO85 pounds; 
in 14 days, 115 pounds; in 21 days, llOJ pounds; in 28 days, 125 pounds. 
Her cheeks became rounded and her figure improved. She regained con- 
fidence in herself and returned to her former social life. Three months 
later her weight was unchanged and she seemed normal in every respect. 

Case 2. — H. Q., female, aged 24 years, height 5 feet 7^- inches, weight 
108i pounds, has always felt well. Her immediate relatives are living and 
well nourished. Four years ago she had acne of the face which left it some- 
what scarred, since then her weight has gradually fallen from 130 pounds 
to 108| pounds. Her appetite seemed good and she claimed to eat well, 
but her weight remained consistently low. She was of a nervous tempera- 
ment, worrisome and always accepted other peoples’ burdens. The treat- 
ment was started with 5 units every 3 hours. After the first injection there 
was created great relish, and for the first time she really enjoj’^ed her meals. 
The food intake rose rapidly and 3 days later the weight was llOf pounds. 
At this time the insulin was raised to 10 units every 3 hours. Three days 
after the dose was increased her weight was 112J pounds, 5 days later II85 
pounds, so that in 12 days the weight had increased 10 pounds. The follow- 
ing is a characteristic day’s food intake for this patient : 

Breakfast: 2 oranges, 2 slices of buttered-toast, 1 egg and a glass of milk. 

At 10.30 A.M.: Two frosted cupcakes and a glass of milk. 

At 1.00 p.M.: A large salmon salad, a whole heart of lettuce, 2 heaping 
tablespoons of mayonnaise, 1 egg, 2 rolls, 2 cubes of butter, 2 slices tomatoes 
and 2 olives, a Bisque Tortoni and a glass of milk. 

At 3.00 p.M. : A Hershey chocolate bar. 

At 6.00 P.M. : Six oysters, a plate of tomato soup, a. quarter of a chicken, 

2 baked potatoes with a tablespoon of butter, a helping of spinach, 5 table- 
spoons of fruit jello, 3 slices of bread and 3 tablespoons of butter, 6 chocolate 
cookies and a glass of milk. _ . . . . 

It is not difficult to appreciate why there was a rapid gam m weignt 
following the intake of such a quantity of food. The insulin was then dis- 
continued and the weight remained at 118| pounds for a month. _ 

Case 3.— A. S., female, aged 20 years, married 1 year, complains cluenj 
of nervousness, weakness, loss of appetite, and loss of weight during several 
months. At this time she consulted a physician for pain and stmness m 
her Imees. She was told she had rheumatism and warned of possible nean 
disease to follow. Although her pains were fleeting, she continued to brooa 
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and worry because of her heart, lost appetite and began to lose weight. 
Examination revealed no abnormalities; her height was 5 feet 6 inches; 
weight, 112i- pounds. This patient was started with 5 units of insulin given 
every 3 hours for 18 days, and then experienced for the first time real 
pleasure in her eating. There were several instances during the treatment 
when mild insulin reactions occurred. These, however, were finally elimi- 
nated by increasing the food following each injection. The weight rose to 
115| pounds in 3 days. In 6 days, it was 116| pounds; in 8 days, 1 17| pounds; 
in 10 days, 118| pounds; in 12 days, I20j pounds; in_18 days, it had only 
risen to 121 pounds. At this point the insulin was raised to 7 units every 
3 hours. The weight did not improve but instead moderate insulin reactions 
of weakness, sweating and faintness occurred after the afternoon dose and 
also at night. Accordingly the dose was reduced to 5 units and the food 
intake was increased after the afternoon and night dose. Five da3'’s after 
this change the weight was 125 pounds. The insulin was then discontinued, 
but the weight has remained at 125 pounds for 1 month. 

Case 4.— T. N., female, aged 26 years; height, 5 feet inches; weight, 
110 pounds. Apparently well and in good health but thin and desiring to 
improve her weight and thereby her appearance. She was endowed with 
but a frail appetite wliich was quickly satisfied. _ She was started on 3 
units every 3 hours, November 10, 1930. At this time the weight was 112 
pounds. On the 18th, the weight was 118.6 pounds, and the dose was 
increased to 10 units ever 3 hours. The weight steadily rose until December 
9, when it was 126.6 pounds. At this time insulin was discontinued because 
of an intercurrent grippe. December 15, the weight had fallen to 122 pounds 
and insuh'n was resumed to 10 units every 3 hours. On the 17th, the weight 
rose to 124 pounds, and on the 19th it was 125 pounds. The insulin was 
then discontinued and the weight 6 months later was 121 pounds although 
she had just recovered from an intercurrent illness of 2 weeks’ standing. 

Discussion. The rapidity with which the appetite is restored and 
the quantity of food intake is increased is thus well illustrated in 
Cases 1 and 3. The first patient gained 22| pounds in 28 days, the 
second gained 10 pounds in 12 days, the third gained 12| pounds in 
'23 days and the foiuth gained 15 pounds in 39 days. The untoward 
insulin reactions were surprisingly small when one considers that 
45 to 65 units of insulin were administered daily to normal persons. 

The question has been raised as to whether the rapid weight 
increase is due to water retention. This is hardly likely as the caloric 
intake was doubled and tripled during the treatment. Furthermore, 
the gain in weight remained for the most part after the insulin was 
stopped. Temporary water storage under insulin treatment should 
be rapidly eliminated when this hormone is discontinued, and the 
weight should revert quicldy to the former level. This did not 
occur in these patients. Falta tested this possibility further on his 
patients by administering large doses of diuretics but failed to pro- 
duce increased water elimination and loss of weight. He also con- 
cludes that water storage is not an appreciable factor in the rapid 
improvement in weight under insulin administration. 

On the other hand, there is sufficient evidence that insulin does 
promote fat deposition. It has been known for years that rabliits 
employed for the assay of insulin gain weight rapidly the first few 
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weeks. It is also well known that depancreatized dogs when treated 
with proper amounts of insulin and diet can be made to gain Aveight 
rapidly. It is of course well knoAvn that most diabetic patients Avho 
are on a liberal diet with- sufficient amounts of insulin gain weight 
rapidly. The rapid gain in weight of the cases aboA'e described, 
therefore, are more likely due to fat deposition. Furthermore, it 
has been shoAim that insulin causes a decrease in blood fat, apparently 
due to storage.’' 

It is remarkable to compare the amounts of food taken before 
treatment with AA'hat was ingested during the treatment. A. S. was 
satisfied with tea and one-half a slice of toast for breakfast, but 
after 10 units of insulin took a glass of orange juice, a bowl of oat- 
meal with sugar and cream, 2 rolls and butter, 2 eggs, and a 
glass of milk. All this she ate with real pleasure and gusto. Inges- 
tion of such an amount of food before she took insulin Aimuld haA-e 
been impossible and might even have nauseated her. It seems as 
if the capacity of the stomach was considerably increased after 
the insulin injections. It is quite prpbable that the size of the stom- 
ach plays an important role in determining the amount of food which 
can be taken with pleasure. It is well known that after chronic 
starvation, one can take but very small amounts of food and that 
only after several days does the capacity of the stomach become 
normal. 

The physiology Avhich underlies the pleasure of eating is still 
obscure. The patients of this series had.clearly lost the zest obtained 
from food, before treatment was begun. Eating was more a habit 
than a pleasure, something to be despatched with rapidity as a 
necessity of life. Following the administration of insulin, however, 
a feeling of pleasure appeared and as the dose Avas increased so was 
the joy of eating. Patient 3, who Avas nauseated by the sight of 
food before treatment, developed a ravenous appetite, and following 
insulin administration ingested large quantities of food Avith relish. 
Thus, insulin not only creates hunger, but also generates the pleasure 
AA'hich is associated with its satisfaction. 

It has long been known that patients subjected to Avorry and 
anxiety quickly lose the appetite and groAv thin. That the mind 
may mediate these effects through the insulin mechanism, gains 
support from recent work. Beattie, Brow and Long (1930) haA-e 
traced anatomic pathways from the hypothalamus to the sympa- 
thetic fibers in the cord and haA-e thus established a direct connection 
between tlie brain "and the sympathetic nervous system. Stimula- 
tion of this region of the brain Avill cause a rise in blood pressure and 
a discharge of adrenalin from the adrenal glands. It is now known 
that adrenalin tends to inhibit insulin actiAuty^- ^ v'hiJe the sym- 
pathetic fibers paralyze gastrointestinal motility. It is also con- 
ceivable that the sympathetic nerA-es may cause an inhibition o 
insulin formation by a direct action on the pancreatic cells. 
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is tliercfoTc not difficult to understand liow emotional states can, 
through the sympathetic nervous system, interfere with the insulin 
mechanism and so diminish the appetite. 

Summary and Conclusions. 1. Four patients are reported who 
gained weight rapidly following the administration of insulin. As 
a result of the treatment, there ivas a great increase in the appetite, 
probably a considerable enlargement of the stomach capacity and 
the generation of great pleasure associated with eating. 

2. The gain in weight is not due to water retention, but rather to 
actual tissue accretion. 

3. The relation of mental, states to anorexia is considered, and 
their influence upon the insulin mechanism is traced. 
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METABOLIC CHANGES AND TREATMENT OF OBESITY.* 

By Michael G. Wohl, 

CHIEF, METAnoniG CLINIC, TEMPLE UNIVEKSITY HOSPITAL AND OF FIU5T MEDICAL 
DIAGNOSTIC CLINIC, MOUNT SINAI HOSPITAL, PHILADELPHIA. 


The attention of every physician is directed sooner or later to 
the question of obesity; not only because of the desire of some 
patients to reduce for esthetic reasons, but because in obesity 
there are real inherent dangers. The susceptibility of the obese 
person to infectious disease, especially pneumonia, to diabetes and 
to the degenerative diseases of heart and bloodvessels is sufficient 
ground for our interest in tlie subject. It is my object at present 
to discuss some phases of obesity, which although not new, yet are 
of sufficient importance to be worthy of review, and to describe the 
role that deh 3 ffiration maj'^ plaj’' in the therapj'- of some forms of 
obesity. 

Obesity is usually classified as that of exogenous or of endogenous 
character. exogenous is implied that the person becomes obese 
because he eats too much or exercises too little; in other words the 
principle of conservation of energy is operative in this type of 
obesity. DuBois^ aptly said, “We do not yet know why certain 

*Road before the American Therapeutic Society, Atlantic City, N. J., June G, 1931. 
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individuals grow fat. Perhaps it would be' more accurate to 
that we do not know why all the individuals in this overnourished 
community do not grow fat.” It is apparent then, and it is generally 
admitted by students of obesity that there are some persons in 
whom there are some additional factors besides the excess of food 
or insufficient muscular exercise which would tend to account for 
the tendency to become obese. We refer to the so-called endogenous 
tj’pe of obesity. In practice it is frequently difficult to know where 
exogenous obesity ends and endogenous begins. In the person who 
has a tendency to become obese there must be some disturbance of 
the mechanism which enables another person to burn an excess of 
food and to retain his stationary weight. 

Some of the obese patients have an excessive desire for food, and 
by attempting to reduce their caloric intake they may suffer from 
weakness, fatigue, headache and dizziness, and nervousness and yet 
fail to lose weight. It is this type of obesity that constitutes the 
problem in the management of the disease. 

In concerning ourselves with obesity we must consider the total 
metabolism of the individual, that is, his or her basal metabolism, 
the effect of exercise on oxj'^gen consumption, the stimulation in 
metabolism that follows the ingestion of food, that is the specific 
dynamic action of food. Water and salt metabolism are also of 
importance and in some patients appear to play a prime role in 
the gain or the loss of weight. 

Basal Metabolism. Out of 21 patients who were under our obser- 
vation within the last 12 months, only 2 patients had a perceptibly 
minus basal metabolic rate. One patient (No. 1) was a boy, 
aged 13 years, who had dystrophia adiposogenitalis and whose basal 
rate was minus 30; the other was a woman, aged 47 years (No. 20) 
who had a* thyroovariau obesity, whose basal rate varied between 
minus 20 and minus 30, average minus 25, on two different occasions. 
The third patient (No. 12) in whom the basal rate markedly deviated 
from the normal and whom we shall discuss again later, was that 
of a man, aged 38 years, with cerebral obesity; he had a basal rate 
of plus 30. Patient No. 3 had a basal of plus 47. This patient 
developed thyrotoxicosis after she commenced to put on weight. 
All the' other patients showed basal metabolic rates ivithin the 
range of normality. This is in accordance with the experience of 
most clinics.-'® The conception of van Noorden that mild forms 
of hj’pothyroidism lead to obesity is, therefore, not borne out by 

facts.^ . -j- ii 

I recently studied a group of patients with hypothyroidism, all 
of w'hom had a minus basal metabolic rate.® Four out of 7 of these 
patients were underw'eight rather than overw^eight. ^ j j • 

Different individuals respond variously to thjwoid gland admin- 
istration. According to Falta® the administration pf thyroxin in 
some persons is follow-ed by symptoms of thyrotoxicosis; on the other 
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hand the same amount of thjToxin in other persons remains inef- 
fective. We often observe a similar occurrence in obese persons. 


Name 

Table 1. — Basal Metabolism in Obesity. 

Age, Woiglit, Height, 

Sex. years. pounds. iuehes. 

Basal 

inctabolie 

rate. 

■T. K. . 

. . . . M 

13 

109 

00 

-.30 

F. G. . 

. ... ¥ 

IG 

1,31 

03 

-13 

H. S. . 

. ... F 

17 

168 

05^ 

+47 

B,. B. . 

. . . F 

17 

159 

03 

- 0 

M. G. . 

. . . . F 

23 

212 

67 

- 7 ' 

M. S. . 

. . . . F 

25 

235 

61 

+ 2 

V. M. . 

. . . . F 

2G 

182 

64 

+ 5 

R. R. . 

. . . . F 

2G 

189 

63 J 

-17 

N. N. . 

. . . . M 

26 

193 

65 

- 2 

H. C. . 

. . . . M 

27 

282 

76 

. -10 

A. C. . 

. . . . F 

32 

290 

02i 

+ 7 

T. B. . 

. . . . M 

38 

290 

07 

+30 

J. S. . 

. . . . M 

38 

172 

66 

+ 4 

N. S. . 

. ... F 

38 

155 . 

58 

-12 

c. w. . 

. . . . M 

38 

237 

70 

+ 2 

M. H. 

. . . . F 

41 

204 

61 

-15 

J. B. . 

. . . . F 

42 

250 

G7 

+ 7 

I. G. . 

. ... M 

42 

332 

64 

- 5 

C. R. . 

. . . . F 

42 

269 

61 

- 9 

J. R. . 

. ... F 

47 

170 

06-J 

-25 

N. T. . 

. ... F 

53 

190J 

59 

- 2 


One-half grain of desiccated thyroid gland three times a day was 
given to an obese patient; within 10 days she developed tachycardia, 
nervousness and an increased sense of body heat without having 
lost any perceptible weight. On the other hand I haA'c at the present 
time under my care a patient who has been taking desiccated thy- 
roid for a period of 2 years, commencing with 2 gr. daily and bringing 
it up to 10 gr. daily for 8 months, without any evidence of thyroid 
intoxication and without Joss of weight. Then again there are 
patients who lose weight rather rapidly under small doses of thjToid. 
In this connection the work of Enderlen and Bohnenkamp^ as men- 
tioned by Falta is of interest. They have shown that dogs with 
resected sympathetic nerve remain refractory to th.yroid adminis- 
tration, while the same dose of thyroxin produces extreme emacia- 
tion and death in the control animals. Clinically it is known that 
patients who suffer from certain diseases of the central nervous 
system, such as epilepsy and syphilis of the brain, are resistant to 
thyroid therapy. 

One must conclude, therefore, that thyroid hj^iofunction and 
consequently a low basal rate is of no great moment in the patho- 
genesis of obesity. 

The Specific Dynamic Action of Food. One would ex]5eet in obesity 
a low specific dynamic action of food. Some early workers like 
Plant,® II olly^ and Liebesny^® had demonstrated a diminished specific 
action in obesity. However, Lauter,^^ Bauer*- and others have 
found figures that do not materially differ from the normal. Wang, 
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Strouse and Saunders^® found that carbohydrate and fat has 
very little effect on the specific dynamic action; howevei-, protein 
gives the greatest depression in the curve. Strang and McClugage» 
have recently found no great difference in the heat of reaction to 
food in either mild or severe grades of obesity as compared with 
normal persons; they deny an abnormality in specific dynamic action 
any role whatsoever in the initiation of obese states. Spencer and 
McCIelan, using the Sage calorimeter, have obtained normal curves 
for the specific djmamic action in obese men and women.^® 

I have studied the specific dynamic action of food in 7 obese 
patients. 


Table 2. Effect of Ingestion of a Mixed AIeal on Heat Production. 


Per cent difference 

Metabolic rate. from basal of patient. 


Name. 

Age, 

Weight, 

Height, 

Basal 

45 min. 
after 

90 min. 
after 

45 min. 
after 

90 min. 
after 

years. 

lbs. 

inches. 

rate. 

rnea). 

meal. 

meal. 

meal. 

J. K. . 

. . 13 

199 

GO 

-30 

-30 

-30 

0 

0 

B. B. . 

. . 17 

159 

03 

- 9 

- 2 

+ 5 

7(+) 

14(+) 

T. B. . 

. . 38 

290 

07 

+30 

+20 

+20 

8{-) 

S(-) 

N. S. . 

. . .38 

155 

58 

-12 

-17 

-10 

6(-) 

3(+) 

c. w. . 

. . 38 

237 

70 

+ 3 

+ 5 

+ 8 

3(+) 

7(+) 

M. H. . 

. . 41 

204 

61 

-15 

+17 

+25 

38(+) 

48(+) 

L.G. . 

. . 42 

332 

64 

- 5 

+ 5 

+ 2 

10(+) 

7(+) 


The meal consisted of 100 gm. of meat, 200 cc. of bouillon, 30 gm. 
of butter, 100 gm. of bread and 3 gm. of salt. The readings were 
taken before the meal, 45 minutes and 1| hours after the meal 
respectively. We obtained figures not markedly different from 
normal persons, with two exceptions: in one case of dystrophia 
adiposogenitalis, there was a total absence of specific dynamic 
action; in another case of thjToovarian obesity, the specific 
dynamic action was considerably increased over the basal rate. 
It is rather interesting to note that this patient was susceptible to 
thyroid therapy. One-half grain of desiccated th^’roid gland three 
times a day for 10 days produced marked symptoms of thyrotoxicosis. 
In evaluating the specific dynamic action we must bear in mind 
that even in normal individuals it may vary from minus 1 per cent 
to plus 31 per cent.‘® According to Pollitzer and Stoltz*’^ 25 per 
cent of normal indimduals may show a diminished or complete 
absence of specific djmamic action. 

Then again there are some patients who are extremely thin due to 
hjTophyseal disturbance and also patients with diseased autononuc 
nervous system, such as Raynaud's disease or scleroderma, who also 
show low specific action of food. According to Plaut^® the specific 
djmamic action is under the influence of the anterior pituitary lobe. 
K is then apparent that the specific dynamic action Is of no great 

practical moment in obesity. _ _ i , 

Tlie effect of muscular work on oxygen consumption in obesity 
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does not vary greatly from the normal. During heavy work the 
obese may consume more oxygen than a normal individual. Credit 
is due to Bernliardt^® for pointing out that after light muscular 
work, 20 minutes to 1 to 2 hours, the obese may show “negative 
phases,” i. e., consume less oxygen. Such negative phases may 
occur during the day in obese people, while normal people do not 
show negative phases. The occurrence of the negative phases in 
obesity does not, however, explain the origin of obesity. It may 
be of value in estimating the 24-hour “basal” caloric requirement 
for the obese. If one estimates all the positive phases of metabolism 
on the one hand, and on the other hand all the negative phases 
during the 24 hours, the sum total of heat production may be 
smaller than indicated by the basal rate. 

Water and Salt Retention. Gamble, Ross and Tisdalpo have 
demonstrated certain facts regarding water metabolism. According 
to them the total of chemical bases is important in maintaining the 
structural integrity of body fluid. They computed the water weight 
lost during fasting in terms of fixed bases and thus were able to 
determine the amount of water lost from cellular content and 
intracellular storage. Figures in one of their cases show that 62 per 
cent of loss of body weight was due to loss of water. Loss of body 
water during the 15-day fast of epileptic child A. G., studied by 
Gamble, Ross and Tisdall: 

Intracellvdar water loss: cc. 

Due to destruction of protoplasm 1620 

Due to reduction of cell volume 470 

2090 

Extracellular water loss 320 

Total loss of body water 2410 

Loss of body weight 3920 gm. 

Body weight loss duo to water 62 per cent 

From metabolic studies in starvation it is known that not more 
than 400 to 500 gm. of solids may be lost in 24 hours, yet losses 
averaging twice that much are not uncommonly seen in the clinic.-^ 
It is clear that the great bulk of this must be water. 

There are some obese patients in whom there is an unsuspected 
fluid and salt retention. Such patients when strictly dieted may 
actually be “undernourished,” yet they suffer no loss of weight 
because of water storage. Van Noorden in 1910“ has already 
warned about the importance of water and salt restriction in the 
treatment of obesity. Zondek“ designated such patients as of the 
“salt water obesity type.” 

Bauer“ speaks of them as cases of “hydrolipomatosis.” An 
accurate account of the water exchange in the obese has recently 
been furnished by Newlnirgh and his associates.^^'"’ They have shown 
that their obese patients, when losing body tissues on strict meta- 
bolic regimen, held or even gained weight due to water retention. 
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We have selected a small group of 7 patients who responded 
poorly to the usual dietary treatment of obesity. To demonstrate 
the possible water retention in these patients methods were em- 
ployed that could be carried out in an outpatient clinic, private 
office, or in a general hospital that is not especially equipped for 



Fig. 1. — Volhard water test and McCIure-Aldrich's intradcrmal salt solution tc.9t in 

7 cases of obesity. 

organized metabolic work. It is apparent that studies on 
metabolism' as recently described by Sunderman and Austin,-^ and 
Newburgh and his associates-^ could not possibly be undertaken 
on the material at hand. 

The test for water retention was that of Volhard. In 5 out o 
the 7 patients there was a definite diminution in tlie urinary outjni 
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ill tlie 4“]ioiir period, the average ])atient showing a retention of 
520 ec. 

McClure and Aldrich-® have shown that by injecting 0.2 cc. of 
0.8 per cent salt solution intracutaneously into the flexor surface 
of the forearm and the inner surface of the calf muscle, a wheal 
appears which in normal persons remains an hour or longer. They 
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Fig. 2. — Sodium chlorid metabolism in 2 patients with obesity. 


found that in renal edema the Avheal disappears in a much shorter 
time. In our obese patients who tended to retain water the wheal 
disappeared^ in from 5 to 20 minutes after tire salt solution injection.-® 
^ we studied the NaCl of the venous and of the 

papillary blood after the administration of 10 gm. of NaCl by mouth. 
Before the salt was given, the NaCl of the venous and capillary 
bloods were about the same. 


620 woHL; metabolic cilanges and treatment or obesity - 

After tlie ingestion of NaCl the patients beliaved differently. 
Two of them showed a distinct difference, the venous blood con- 
taining. 100 mg. and 90 mg. respectively Jess than the capillary 
blood, 2 hours after ingestion of NaCl. 

In 1 patient the difference between the venous and capillary 
blood chlorid was not marked, and in 1 patient the capillary blood 
at the second hour was not determined, although the NaCl of the 
venous blood increased 40 mg. more than at the beginning of the 
test. Patient Mr. T. B. showed a constant concentration of venous 
NaCl (300 mg.). At the end of 2 hours the capillary NaCl rose to 
375 mg., Avhile the venous NaCl remained at the same level as before 
the administration of NaCl. 


Table 3. — Sodium Chlorid Metabolism in Obesity. 




Capillary 

Venous 


Name. 

Age, 

Weight, 

blood, 
mg. per 

blood, 
mg. per 

Diagnosis. 

years. 

pounds. 

100 cc. 

100 cc. 


T. B 

38 

291 

360 

300 

Cerebral 

45 min. after ingestion 
of 10 gm. of NaCl 



330 

300 

obesity. 

120 min. after 


, , . 

375 

300 


Mrs. T 

53 

190 

450 

454 

Constitutional 

45 min. after ingestion 



564 

474 

obesity. 

of 10 gm. of NaCl 



564 

474 


120 min. after 



584 

484 


Mrs. M. G 

23 

212 

395 

395 , 

Cerebral 

120 min. after ingestion 
of 10 gm. of NaCl 



00 

430 

obesity. 

Mr. I. G 

42 

(not 

332 

estimated; 

480 

1 

430 

Constitutional 

120 min. after ingestion 
of 10 mg. of NaCl 



500 

410 

obesity. 

Mrs. M. H , 

41 

204 

400 

380 

Thyroovarian 

120 min. after ingestion 
of 10 gm. of NaCl 



440 

420 

obesity. 


It is noteworthy that the 2 patients who showed the retention 
of NaCl have lost considerable Aveight under the salt restriction 
and dehydration regime. 

Di Foutsin^® determined the NaCl after the administration of 
15 to 35 mg. of NaCl in normal persons and found no difference 
between the capillary and venous blood during a period of 2| to 
4 hours. 

To increase the water elimination in obese persons who fail to 
reduce on diet alone, we use SaljTgan intravenously, as first sug- 
gested by Eppinger.®! The diet is equivalent to approximately 
the basal caloric intake for a person of the desired weight. Thus, 
if the desired weight was 160 pounds, the patient’s basal caloric 
intake would be approximately 1500 calories (20 calories per 

kilogram of body iveight). _ i -i f 

The amount of protein varies from 1 to Ik gm. per blogram o 
desired body weight (in this instance lOS gm.). The difference m 
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calories between carbohydrate and fat is divided in ratio of 1 to 3, 
or carbohydrate 35 and M 105, in this instance. The carbohydrate 
may be increased to 0.5 gm. to each gram of protein. The high 
protein keeps the patient in nitrogen equilibrium, and with the low 
carbohydrate favors water elimination. 

The ketogenic-antiketogenic ratio of such a diet is less than 
1.6 to 1 and is well tolerated. The fluid intake is limited to 1000 
to 1200 cc. per 24 hours and the salt is restricted to 5 to 7 gms. 
daily. 

Theocin may be used, but we found it objectionable, since it 
is apt to cause gastrointestinal disturbance. 

We begin with 0.5 cc. of Salyrgan; if the urine fails to show 
evidence of kidney damage such as red blood cells and casts, the 
dose is increased to 1 cc. twice a week for 1 week, then 1 cc. every 
week for 2 weeks, and later one injection every month until the 
desired results are obtained. 

The case below" illustrates the apparent efficacy of Salyrgan in 
the treatment of certain types of obesity. 

Case 1.— Mr. T. M., aged 38 years; height, 5 ft. 7 in.; weight, 291 
pounds. The patient complains of inability to keep awake and of constant 
gain in weight. In the past year he gained 100 pounds. With the increase 
in weight his drowsiness increased; he also developed polyuria, urinating 
nine to ten times during the day and five times on an average during the 
night. He claims to void about | pint of urine each time. He had influ- 
^enza in 1917 and left otitis media in 1919, There was no history of obesity 
'on either the maternal or paternal side of the family. He drinks large 
quantities of water during the day. According to his statement, his food 
is not excessive. 

Physical Examination. The patient is a white male, aged 38 years, very 
obese, with marked tendency to girdle distribution. He has a short, thick 
neck. Body hair scanty; abdomen heavy and pendulous. The genitalia 
were normal. 

Neurologic Examination (Dr. A. Silverstein). Pupils irregular, right 
reacts sluggishly to light. Labiofacial fold of right side less marked than 
left. Tremor of orbicularis muscle when patient shows his teeth. Upper 
extremities: Biceps and triceps reflexes markedly diminished, practically 
absent. Low"er extremities; Knee jerks diminished on both sides. Some 
tenderness of fat deposits to palpation. All tests for sensation and cere- 
bellar function were negative. The visual field examination was practi- 
cally negative. The fundus examination (Dr. J. C. Rommel) shows that 
the media W"erc clear; disks oval, the margins blurred and some swelling of 
the nerve head. Roentgen ray appearance of the sella turcica was normal. 
Tlie basal metabolic rate was + 30. Specific dynamic action of food 2 hours 
after mixed meal was 8(--) per cent. Sugar tolerance: Fasting specimen, 
105.3; first hour after glucose, 148.1; second hour after glucose, 137.2; third 
hour after glucose, 80. Urinalysis : No abnormal findings. Blood chemistry : 
Sugar, 100 ; urea, 19 ; uric acid, 4.2 ; creatinin, 1.5. Sodium chlorid : Capil- 
lary blood was 350, venous blood 300. After 10 gm. of salt the capillary 
blood was 330 45 minutes later and 375 2 hours after. Venous blood, 300. 
Spinal fluid; Pressure, _S mm, mercury; other findings negative. McClure- 
Aldrich test: Wheal disappeared in 7 minutes on forearm and 10 minutes 
-on leg. Water retention; 500 cc. 

VOL. 183, NO. 5.— M.\y, 1932 
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'i’lie patient was placed on a diet of 1100 calories with restriction of fluids 
and salt. Diuretics, such as urea, have been used without apparent benefit. 
One cubic centimeter of Salyrgan was then given every 4 days for a period 
of 3 weeks. At the end of this period he had lost 29 pounds. 

Note.— The patient had previously been in two hospitals with the hope 
of reducing his weight, but failed to lose any weight. He is still under 
observation and treatment in the Metabolic Clinic of the Temple University 
Hospital. 


This case is apparently one of cerebral obesity. The symptoms 
of drowsiness and polj^uria speak for a pathologic process in the 
region of the pituitary, infundibulum or paraventricular nuclei in 
the floor of the third ventricle. A mass lesion such as an intra- 
sellar or suprasellar growth can be ruled out by the negative field 
studies and normal sella turcica bj^ the Roentgen ray. In view of 
the fact that his symptoms of drowsiness and mental hebetude 
cleared considerably after the increase in fluid output would suggest 
that the hydrated condition of the brain was greatly lessened 
following treatment. 

I used Salyrgan in 5 more patients with various types of ohesit3^ 
accompanied bj’’ water retention with good results. 

An individual who retains water also has a tendency to deposit 
fat. Therefore, when he is dehydrated, he not only loses weight but 
is prevented from accumulating fat. 

Water and salt metabolism, like temperature regulation, is 
governed by regulative centers in the central nervous system. 

The polyuria and also glycosuria following a puncture in the 
floor of the foui'th ventricle (Claude Bernard, 1835) are well known 
facts in point. 

It was shown by Yungman and Erich Meyer^^ (quoted by Greving) 
that a puncture in the neighborhood of the nucleus of the visceral 
vagus not only produces polyuria but also an increase in salt elim- 
ination. The increase of the salt elimination is independent of the 
increase in urine elimination. Brugsh, Dresel and Lew^^®^ believe 
to have shown that the centers for water and salt metabolism are 
present in the formatio reticularis. 

There are centers in the hjTJothalamus for water and salt metab- 
olism (Leshke). The exact location of these centers is not known. 
It is surmised that the centers are in the neighborhood of the 
supra-optic nucleus near the optic tract. Puncture of the caudate 
nucleus made by Reynolds and SpiegeP* produced not only poljmna 
but also an increase of the salt elimination. This phenomenon was 
observed especially in those animals who showed also an elevation 
in temperature, promng that there is some relationship between 
the heat and salt and water metabolism centers. 

The abilitj' of the tissues to retain water is also believed 
regulated by certain centers in the central nervous sj'^stem. The 
retention of water in the tissues is probably influenced by the 
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centers through the interaction of some of the glands of internal 
seci’etion. 

We know that thyroxin diminishes Avater retention (Eppinger). 
The regulation of the water metabolism by the centers in the hypo- 
thalamus is therefore probably brought about through the action 
of endocrine glands. There is reason to believe that there are like- 
wise centers in the hypothalamus for fat metabolism. The pro- 
duction of obesity in animals by injury to the liypothalamic region 
(tuber cinereum) vdthout pituitary injury has been demonstrated 
by Smith The role that the pituitary gland plays in stimulating 
or inhibiting these centers is difficult to explain, 

Raab^® has shoAvn that the injection of, pituitrin is followed by 
an increased lipoid content of blood, probably due to an increased 
production of fat in the liver for ready use by the tissues. By 
depressing the heat center with antipyretics he found that the 
pituitary extract had no effect on the increased fat metabolism. 
One, therefore, may draw the conclusion that part of the heat 
center is concerned with fat metabolism. 

The exact role the pituitary gland plays in the production of 
obesity is not definitely explained. It is known that Simmond’s 
disease (marked cachexia) may arise as the result of lesions in the 
anterior lobe of the pituitary. It is also known that disease in the 
posterior lobe may produce marked obesity. These findings, like 
many pituitary phenomena are difficult to reconcile. 

Conclusion. In obesity, though the law of conservation of energy 
is operative, i. e., the balance between energy intake and energy 
output is disturbed, on the surface it is not apparent in some 
patients because they seem to gain in weight in spite of a low 
intake of food. Disturbances in water and salt metabolism with 
• storage of Avater in the tissues should be borne in mind in such cases. 
In such patients the higher centers for fat metabolism, salt meta- 
bolism and water metabolism may be maladjusted (as in enceph- 
alitis). In the latter case it may often be related to the action of 
the product of some gland or glands of internal secretion. Obesity 
of hypothjToid nature seems to be infrequent. That some endo- 
genous factor exists that would seem to account for some forms of 
obesity cannot be denied. Whether the endogenous factor is of 
constitutional nature and is associated Avith an endocrine distur- 
bance, or the obesity is causing the latter is difficult to prove. Each 
case of obesity is a problem in itself, Avith regard to the basic caus- 
ation and treatment. The general lines of management will include 
proper diet, proper exercise, restriction of fluid and salt, and in 
certain selected cases the administration of th.>Toid preparations. 
In certain cases the administration of Salyrgan in addition to diet 
and Avater and salt restriction seems to jneld satisfactory results. 

Non:.— I wish to .ncknowledge ray indebtedness to Dr. D. Moranze and Dr. F. A\’. 
Konzohnnnn for their .aid in Uie laboratorj* work during tins study. 
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THE CRAIG COMPLEMENT-FIXATION TEST FOR AMEBIASIS 
IN CHRONIC ULCERATIVE COLITIS. 

By Everett D. Kiefer, M.D., 

BOSTON, MASS. 

(From the Department of Gastro-enterology, Lahey Clinic.) 

Chronic ulcerative colitis is an inflammatory disease of the lower 
intestine. It is cliaracterized clinically by numerous rectal dis- 
charges of small liquid stools containing blood, mucus and purulent 
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exudate, also, by more or less fever, -abdominal cramps, anemia, 
prostration and toxemia. It frequently terminates in the death of 
the patient from either toxic degeneration of vital organs, inanition, 
acute perforation, intestinal ileus or septicemia. 

The chronic nature of ulcerative colitis, its resistance to treatment 
and the general failure to show a consistent etiologic factor have 
given rise to many speculations as to the initial cause of the disease. 
Some have eonsidered the disease to be a clu’onic stage of bacillary 
dysentery. Shiga has reported that the bacillary disease may some- 
times become chronic although the initial causative organism, which 
is very easily overgrown, may not be found after the first few days 
following the onset of the acute stage. Although the Bacillus 
dysenterise does not persist long in the stools it would seem that 
the chronic cases would be more apt to show a specific agglutination 
reaction in the serum. Hawldns, however, did not find this to be 
true in the sporadic cases of ulcerative colitis occurring in England 
at least.i Silverman^ has reported that apparently several strains 
of the bacilli of dysentery are accountable for sporadic cases occur- 
ring in the southern States. He was able to recover from such cases 
the bacilli of Shiga, Flexner, Morgan and Duval or Sonne, and 
agglutinating reaction supported the diagnoses. However, the clin- 
ical relationship between such cases and cases of the disease known 
as chronic ulcerative colitis is problematical. Hurst,® having noticed 
a marked similarity in the proctoscopic appearances of the rectal 
mucosa in chronic bacillary dysentery and idiopathic chronic ulcer- 
ative colitis, reports that he treats all of his cases of the latter 
disease with specific antibacillus dysentery serum with "miraculous” 
results in some cases. He uses the serum in large intravenous doses 
producing, in many cases, marked foreign protein reactions. Since 
those who work with the acute bacillary disease have found that 
seinm therapy is practically valueless after the first few days fol- 
lowing the onset, it may be possible that the good results which 
Hurst obtains in the chronic condition are due to the nonspecific 
reaction to a foreign protein. The similarity of the proctoscopic 
appearances in the two conditions can be explained on the basis 
that both diseases are purulent inflammations of the mucous mem- 
brane with extension to the underlying tissues and in the chronic 
stage the process is so modified by secondary infection that the 
pathology in the colon becomes much the same. 

Within the last few years the interest in the bacteriology of 
colon disease has been greatly stimulated by the work of Bargen^-'^ 
of the Mayo Clinic. He has reported that in a large proportion of 
cases he has been able to isolate from the ulcerations in the colon 
a diplostreptococcus with fairly definite morphologic and cultm-al 
characteristics. Paulson® has been able to isolate many different 
strains of enterococcus which will produce colitis in animals. Some 
of these strains Averc obtained from normal healthy individuals and 
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from infections outside the gastrointestinal tract. The bacteriology 
of the colon is a complicated difficult problem and much work has 
yet to be done before the bacterial etiology of ulcerative colitis is 
either definitely established or definitely disproved. 

That chronic ulcerative colitis is a chronic form of amebic dysen- 
tery is another conjecture that has some features suggesting that 
it is within the realms of possibility. Amebic dysenterj'^ is now 
loiown to be more widely spread than was formerly realized and 
it has been fairly definitely proven that from 5 to 10 per cent of 
the population of the United States harbor the Amoeba histolytica. 
Although in the early stages of amebic dysentery and ulcerative 
colitis the appearance of the mucosa as viewed through the sig- 
moidoscope may be sufficiently different to be diagnostic, in the 
later stages when superimposed secondary infection has greatly 
modified the amebic disease, it is almost impossible to make a 
differential diagnosis by means of the sigmoidoscopic examination. 

In the acute case of amebic dysenterj'^ a competent protzoologist 
usually has no diflSculty in demonstrating the etiologic agent, and 
in many of the chronic cases pathogenic ameb® are present in 
greater or lesser numbers. However, in some of the chronic cases 
the finding of either the vegetative forms or cysts becomes exceed- 
ingly difficult. Even material obtained by scraping the ulcers, a 
procedure which is often fruitful when the stools are negative, fails 
to show the amebie in some definitely proven cases of amebiasis. 
In 2 of Councilman and Lafleur’s^ cases amebce were not found in 
the stools or in sections made of the intestinal ulcers, but were found 
to be present in liver abscesses. If the liver abscess had not been 
present a diagnosis of amebiasis would not have been justified even 
though the intestine was ulcerated. Plutchison® also reports a case 
of amebic dysentery which came to autopsy which showed extensive 
ulceration of the colon, but no amebas were found in any of many 
sections. Both Hutchison* and Callender, “ in their papers on amebic 
dysentery, suggest as an explanation for this paucity of amebm the 
prominent part that secondary infection plays in the chronic stage. 
They have found that the amebre enter the tissues by lysis and with 
little leukocytic reaction. They spread through the lymph channels 
of the submucosa. The symptoms of dysentery arise when the 
initial lesion is invaded by secondarj^ pyogenic organisms. The 
amount of destruction and reaction depends upon the character of 
the secondary invader, Avhich causes the spread of the ulcer so 
that the tissue damage becomes out of all proportion to the number 
of amebm present. Amebm are always scarce in the presence of 
active suppuration and absent Avhere there is granulation tissue. 
For this reason the failure to find amebte in the .stools is not sufficient 
evidence upon Avhich to make a differential diagnosis. 

The late changes in the colon arc also much the same in the two 
diseases. The inte.stinal wall becomes much thickened with tiic 
formation of a straight, narrow, inflexible lumen. Polypi have been 
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reported to .arise in the long-standing cases of both conditions with 
occasional carcinoiuatons degeneration^’^" 

Since a review of the literature indieated that there was nothing 
in either the clinical course of the disease, the microscopic examina- 
tion of the stools, the baeteriologic examination of the infected 
material or the sigmoidoscopic examination of the intestinal mucosa 
that conclusively differentiated between chronic amebic colitis and 
chronic ulcerative colitis, the author has employed a complement- 
fixation reaction recently advanced by Craig as diagnostic of 
amebiasis. This test has been applied to the sera of 19 patients 
who clinically and sigmoidoscopically were characteristic cases of 
chronic ulcerative colitis and the real purpose of this paper is to 
report the results of this test in correlation with the results of 
other clinical and laboratory findings and with the results of anti- 
amebic theiapy. 

In a report on the results of his test, Craig^^ gives the results of 
the test on 689 patients. In 84 (12 per cent of this group) the com- 
plement-fixation test was 3+ or 4-1- positive. Any reaction less than 
34- positive be considers undiagnostic. Of the 84 cases with positive 
complement-fixation test, 92 per cent showed Endamoeba histo- 
lytica in the stools. In the remaining 8 per cent the stools were 
possibly insufficiently examined. In the 605 cases with negative 
serologic findings the Endamoeba histolytica was present in only 
0.8 per cent. The test, when applied to patients with acute or 
chronic diseases of other types and with other types of protozoal 
infections, gave uniformly negative results except in some patients 
with a positive Wassermann reaction. 

In all instances reported in this paper the serologic tests were 
done by Dr. Craig’s laboratory in the Army Medical School, on 
sera sent by mail from Boston to Washington. The stool examin- 
ations were made either personally or by the pathologic laboratory 
of the New England Deaconess Hospital under the direction of 
Dr. Sliields Warren. In most instances the stools were examined 
both microscopically and cultinally for amebie by Dr. Lemuel E. 
Cleveland of the Harvard School of Tropical Medicine. 

In our seiies of 22 cases which were diagnosed chronic ulcerative 
colitis by clinical, proctoscopic or postmortem examination, End- 
amoeba histolytica were found in the stools of 3. This does not 
include cases of definite amebic dysentery with characteristic 
amebic idcers in the rectum and sigmoid. 

These 3 cases all showed a positive Craig test. In the series 
there were, all told, 19 cases on whom the Craig test was done. 
There were 15 positives, that is, 44- or 34* reactions, which Craig 
considers diagnostic, and 4 with either negative, -{- or 2-}- reaction, 
which are not diagnostic. 

The. 4 cases who gave a negative or only 1-|- or 24- reactions were 
not clinically different from the larger number of cases giving a 
definitely positive reaction. 
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Besides tlie 19 cases of ulcerative colitis we have seen 3 other 
patients who gave a 4+ complement-fixation test. All 3 of these 
patients suffered from abdominal distress and intermittent attacks 
of diarrhea, but the stools were negative for blood or for the amebie. 
One of them gave a history of a definite attack of acnte amebic 
dysentery occurring in the tropics a few months previously and it 
is doubtful if she was entirely cured. The second patient had had 
attacks of diarrhea for years without gross blood being noticed at 
any time. The third patient died of chronic diarrhea and inanition 
and the autopsy showed no evidence of amebic infection or of 
ulcerative colitis. 

We have also sent to Dr. Craig several sera from patients with 
diarrhea caused by functional disorders of the colon and he has 
reported them consistently negative. 

We have also had one patient with diarrhea and Amoeba histolytica 
in the stools who gave only a 2+ leaetion. 

The results of treatment of chronic ulcerative colitis are far from 
satisfactory, and no form of therapy yet tried has given uniformly 
good results, although almost any form of treatment will apparently 
bring about improvement in a certain proportion of cases. 

The author is of the opinion that many clinicians throughout the 
country have used antiamebic drugs in cases of chronic ulcerative 
colitis even though they have been unable to demonstrate the ameba 
in the rectal discharges. It would be interesting to know in what 
percentage of cases such drugs have proved to be beneficial. We 
have treated most of our cases with emetin intramuscularly, acetar- 
sone or stovarsol and bismuth by mouth, and in a few cases yatren 
has been used as a.rectal infusion. In conjunction with these drugs 
we have used a low residue, high vitamin, bland diet and have used 
belladonna and opium in small quantities. Great caution should 
be exercised in basing any conclusions on the apparent benefit of 
anj”^ given form of treatment in a disease such as this. It may 
suffice to say that antiamebic drugs were used in 11 cases in this 
series. Four of these have had a complete remission of symptoms 
for from 10 to 14 months. Five others have been definitely improved 
but still have some diarrhea with occasional bleeding. One other 
has not been much improved but has not taken much treatment 
and has only been followed for 1 month. The other is at present 
under treatment in the hospital and is apparentlj’' recovering 
satisfactorily. 

Although there is no proved relationship between ulcerative 
colitis and intestinal amebiasis, we believe antiamebic treatment 
should be tried in all cases suitable for medical treatment.^ The 
significance of the Graig te.st when amebm cannot be found in the 
stools is still very much im.settlcd, but the re.snlts of the test when 
a] 3 ])licd to cases of chronic ulcerative colitis arc repoi'tcd here with 
the hope that they will shed some light either upon the disease in 
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question or upon the specificity of the test itself. Craig admits tliat 
the serologic test which he has devised is difficult, and unless closely 
controlled is apt to give erratic results. It undoubtedly will require 
further verification before its actual value can be determined, par- 
ticularly since his antigens are not made from bacteria-free cultures 
of amebse. It may be that the positive reactions obtained in ulcer- 
ative colitis have more to do with a bacterial antigen than with the 
amebic antigen. On the other hand, the concept that ulcerative 
colitis is a superimposed secondary infection of a primary amebic 
ulceration of the colon seems to be within the realms of possibility, 
particularly since British soldiers serving in Egypt and Gallipoli 
have been known to suffer an acute attack of amebic dysentery with 
apparent recovery, and later to develop a chronic ulcerative colitis 
from which only streptococci could be obtained.^" Whether or not 
the secondaiy bacterial invader is always the same is another phase 
of the complicated question. It may be that a specific organism, 
normally resident in the human intestine, sets up an inflammatory 
process in the intestinal wall only when certain opportunities such 
as an amebic ulceration occur. 

Summary. That it is extremely difficult to differentiate between 
chronic ulcerative colitis and chronic amebic colitis has been pointed 
out and discussed. 

The result of the Craig complement-fixation test for infection 
with Endamceba histolytica when applied to patients with chronic 
ulcerative colitis is reported showing that 15 out of 19 cases gave a 
strongly positive reaction. 

No conclusions as to the significance of this finding are drawn, 
but it is suggested that chronic ulcerative colitis may be a pyogenic 
infection of the colon superimposed upon an original amebic 
ulceration. 

Abstracts of the case histories of the 19 cases tested are reported. 
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A STUDY OF THE CAPILLARY PRESSURE IN NEPHRITIS 
AND HYPERTENSION. 

By Isidor Mtjeson, M.D., 

ASSISTANT PHYSICIAN, PRESBYTERIAN HOSPITAE, NEW YORK CITY. 

(From the Department of Medicine, College of Physicians and Surgeons, Columhia 
University, and the Presbyterian Hospital.) 

This investigation represents a further attempt to correlate 
variations of the blood pressure within the minute vessels with the 
clinical findings in acute and chronic nephritis and in essential 
hypertension. Special attention has been given to the influence of 
capillary pressure on the development of edema. 

Many methods are available for the study of the blood pressure 
of the capillary. As in previous work/-^ the closed capsule method® 
has been used in making individual readings while visualizing the 
capillary at the base of the nail by means of a binocular microscope. 
The hand is kept at the level of the heart and constant temperature 
conditions are maintained. The pressure is read when the flow of 
blood is reestablished upon releasing the obstructing pressure in the 
closed capsule. Many observations were made, but only the most 
frequently recurring reading has been charted. Although the 
accuracy of the method has been questioned, Landis^ has shown 
by means of intracapillary pipettes that the blood pressure at the 
bend of the capillary loop corresponds with those made by the 
indirect method. 

The same apparatus has been used in determining the venule 
pressure in the silbpapillary plexus. It is agreed that the color of 
the healthy skin is dependent largely upon the blood in the sub- 
papillary venous plexus. To read the pressure of the venules, the 
capsule is first inflated until the skin is rendered colorless. Reduc- 
ing the pressure slowly, at the first appearance of color in the skin 
tlie pressure is read on the manometer and considered the venule 
pressure. These readings on normals have been found to corres- 
pond to those of Landis obtained in the venous limb of the capillary. 
This method differs from tliat of Lewis and Hynal® in the criterion 
used in reading the pressure. These authors made their reading at 
the first diminution in skin color, determining in this way the 
amount of pressure necessary to overcome the resistance of the 
venule wall. The method employed in our studies gives the pres- 
sure necessary to reestablish the bloodflow, the procedure used m 
determining the pressure in the brachial artery. Several oppor- 
tunities arose where it was possible to make pressure readings by 
observation of the bloodflow in tlie venule. These readings have 
differed only by 1 or 2 mm. of mercury from those found by the 
blanching method. 
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The osmotic pressure of the blood is determined by the amount 
of its crj^stalloid and colloid constituents. The crystalloids can be 
ignored as they are counterbalanced in the tissue spaces in accord- 
ance -with the Donnan equilibrium. The effective osmotic pressure 
of the serum is dependent upon the concentration of its protein 
fractions— albumin, globulin and fibrinogen. In our studies the 
total serum protein concentration was measured. 

The cases studied have been grouped according to clinical diag- 
nosis, and together with physical and laboratory findings, tabulated 
in Tables 1, 2, 3 and 4. 

Results. In the group of patients with essential hypertension no 
typical capillary morphology was found, i. e., neither the shapes of 
the capillaries nor the type of bloodflow was distinctive. The 
arterial limb was usually narrower than the venous limb. The 
presence of scleroses in the radials or retinal vessels was not con- 
stantly associated with any tortuosity or other characteristic change 
in the form of the capillary. The height of the brachial and capil- 
lary pressures showed no constant relationship. The capillary 
pressure in this series of cases was found in most instances to be 
near the upper limit of normal, although in a few it was abnormally 
increased. Neither the cases with high or normal capillary pressure 
presented any associated significant physical or laboratory findings. 
The senun proteins were normal in concentration and no edema was 
present. 

The cases of acute nephritis were either in an active or a con- 
valescent stage. The radials and retinal arteries showed no abnor- 
mality. No constant morphologic cliange was present in the 
capillaries in either stage. The eye grounds were negative in every 
case. In Case 39 there was severe renal bleeding of 3 days’ dura- 
tion. Table 5 shows that the active cases had blood and albumin 
in the mine and tliat their capillary pressures were increased in all 
instances. Edema was present where the increased capillary pres- 
sure was associated with a low serum protein. The venule pressures 
were normal. 

In tlie cases of chronic nephritis the capillaries though often 
tortuous presented no consistent morphology, nor did they show 
any constant relationship to the state of the peripheral vessels. 
The cases as analyzed in Table 6 fall into two groups, either a normal 
or a high capillary pressure. Hematuria was present in about , 
one-half of the first group and in about t^\'o-thirds of the patients 
of the second group. By far the greater number of cases with poor 
kidney function had a high capillary pressure. Thirteen cases had 
edema. Ten of these patients had a high capillary pressure which 
was associated in 3 instances -with a low serum protein, in 6 widi 
slightly decreased serum protein and in 1 with a normal protein 
concentration. To show more clearly how tlie variations in degree 
of edema were associated with coincident variations in capillary 
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Table 5. — Acute Nephritis. 


•• 

Blood 
pressure, 
mm. Hg. ' 

Capillary 
pressure, 
mm. Hg. , 

Serum 
protein, 
per cent. 

Edema. 

Venule 
pressure, 
mm. Hg. 

39 . . . 

■■ 

Active 

30 

Cases. 

4.2 

+ 

15 

47 . . . 


30 

4.1 

+ 

15 

25 . . . 


35 

6.0 

0 

10 

13 . . . 


30 

.8.1 

0 


N9 . . . 

140/90 

35 

5.9 

0 

20 

37 . . . 

100/90 

Convalcsc 

20 

ent Cases. 

7.4 

0 

10 

S . . . 

100/70 

15 

G.5 

0 



Table 6. — Cases of Chronic Nephritis. 


No. 

Blood 

preesure. 

Capillary 

pressure. 

Serum 
protein, 
per cent 

Edema. 

Urint. 

Kidney 

function. 

Alb. 

R.b.c. 

27 . . '. 

130/70 

15 


0 

t. 

1 

Markedly impaired. 

14 . . . 

110/60 

20 

7.8 

0 

t. 

0 

Normal. 

20 . . . 

120/95 

20 

6.8 

0 

0 

1 

Normal. 

49 . . . 

115/85 

20 

4.3 

0 

t. 

1 

Normal. 

50 . . . 

210/140 

20 

, . 

0 

t. 

1 

Normal. 

N6 . . . 

135/90 

20 

5.6 

0 

h.t. 

1 

Normal. 

51 . . . 

130/75 

22 

6.7 

0 

t. 

0 

Normal. 

5 . . . 

150/100 

25 

6.3 

0 

f.t. 

0 

Normal. 

21 . . . 

130/80 

25 

6.8 

0 

t. 

1 

Normal. 

32 . . . 

112/70 



0 

t. 

1 


52 . . . 

125/80 

25 

6.8 

0 

t. 

0 

Normal. 

24 . . . 


25 

7.1 

0 

t.' 

0 

Normal. 

28a . . 

180/130 

25 


1 

h.t. 

1 

Markedly impaired. 

la 

130/90 

25 


1 

t. 

0 

Impaired. 

lb . . 

120/90 

25 


0 

t. 

0 

Impaired. 

N2 . . . 


28 

4.7 

2 

h.t. 

2 

Impaired. 

15 . . . 

230/150 

30 

7.2 

0 

t. 

1 

Normal. 

Ic . . 

140/110 

30 


1 

t. 

0 

Impaired. 

N7 . . . 

110/90 

30 

4.8 

1 

t. 

2 

Impaired. 

, 11 . . . 

Mnn sq 

35 

5.8 

0 

t. 

1 

Impaired. 

12 . . . 

BWtti !|] 

35 

7.2 

0 

t. 

1 

Normal. 

22 . . . 

iij 

35 

5.8 

1 

t. 

0 

Markedly impaired. 

54 . . . 

> q 

35 

7.2 

0 

h.t. 

1 

Normal. 

28 . . . 

> q 

35 

7.1 

0 

t. 

2 

Markedly impaired. 

45 , . . 

pU&M i y 

35 

6.3 

0 

t. 

3 

Impaired. 

N3 . . . 


35 

4.7 

1 

h.t. 

1 

Impaired. 

N4 . . . 

iEfcfiliKi 

35 

6.4 

1 

ii.t. 

2 


N6 . . . 


35 


3 

h.t. 

1 

Normal. 

18 . . . 


40 

6.4 

0 

t. 

0 

Markedly impaired. 

38 . . . 



4.4 

0 

h.t. 

1 

Markedly impaired. 

10 . , 



6.1 

0 

f.t. 

1 

Markedly impaired. 

33 . . . 

USjttiiiy 

45 

5.6 

1 

t. 

0 

Markedly impaired. 

NS . . . 

290/130 

45 

G.O 

2 

h.t. 

2 

Normal. 

ISfi . . 



6.3 

1 

h.t. 

0 

Markedly impaired. 

Nl . . . 

mnn 

■1 

5.6 

2 

1 

h.t. 

0 

Markedly impaired. 
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iMUrSON: THE CAPILLAKY PRESSURE 


pressui’e and serum protein, the clinical course of Case 33 is graphic- 
ally presented in Chart 1. The theoretical significance of this 
will be discussed later. An opportunity arose during this investi- 
gation to note in several cases a difference in response of the capillary 
pressure to stress during the course of their disease. Case 28, 
after a 2 months’ pregnancy, had a rise in capillary pressure, the 
hjTsertensive reaction usually found in toxemias of pregnancy. 
Cases 18, N1 and N2, following an acute pharyngitis, had a drop 
in capillary pressure. The clinical picture, however, in both types 
was similar. 
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Chaut I. — Case 33. Graphic relationship of edema and other factors. 


In the cases of nephritis with cardiac failure studied the venule 
pressure was increased to the level of the capillary pressure, which 
in 1 case was normal and in the other was abnormally high. The 
increase in venule pressure in cardiac decompensation has been 
observed by other investigators. 

Discussion. The literature concerning capillarj^ morphology in 
hypertensive disease is extensive. A beaded type of bloodflow and 
varieties of shapes of loops during the active illness have been 
described® with a return to normal upon the subsidence of the 
clinical condition. Our observations have not confirmed these 
findings. However, the capillary morphology has helped explain 
the pallor that is present in the patients with a neplu-otic type of 
renal disease. The pallor is much more marked than one would 
expect from the hemoglobin and red blood cell count. The capil- 
laries were found to be few in number and so threadlike in diameter 
that it has been impossible to make pressure readings on them. 
A case of pernicious anemia vuth a similar grade of pallor showed 
many more capillaries at the nail base. The pallor appears to be 
due to a paucity and extreme contraction of skin capillaries re.stdting 
in a decreased flow of blood in the skin. Whether these ca])illaries 
arc in a spastic state or are ])ermanently narrowed is difficult to say. 
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From a consideration ol‘ tlic morpliology and blood pressure ol 
the capillaries in the cases of essential hypertension as rejiorted 
here and elsewhere, it is difficult to concede that essential hyper- 
tension is due solely to arteriolar spasm. It is a physiologic prin- 
ciple that distal to a constriction of a lumen there is dilatation. 
During the course of the work here reported several cases of Ray- 
naud’s disease in which there is a true arteriolar spasm limited to 
the extremities were studied. Chilling of the hand causes a typical 


Table 7. — Raynaud’s Disease. 


Hospital 

No. 

Case. 

Tempera- 

ture. 

Capillary 
pressure, 
mm. Hg. 

Venule 
pressure, 
mm. Hg. 

Appearance 

of 

capillary. 

Note. 

186143 

1 

Warm 

i 

12 

14 

1 

Large 




Cold 

5 

5 

No change 

Cyanosed. 

229166 

2 

Warm 


8 

Narrow 




Cold 


15 

Dilated 

Cyanosed. 



Cold 

] 

2 

Dilated 

Skin white after 







closing hand once. 

276859 

3 

Warm 

! 

15 

Large venous 






i 

limb 




Cold 


5 ' 

No change 

Sldn dusky. 

275909 

4 

Warm 

10 

15 

Narrow 




Cold 

0 

10 

Dilated 

Skin dusky. 

251852 

5 

Warm 

15 

* • * 

Narrow 




Cold • 

5 


No change 

White hand. 


attack, during which the capillaries at the nail base dilate and 
both the capillary and venule pressures fall. If essential hyper- 
tension is the result of an arteriolar spasm a similar type of reaction 
might be expected, even if not as intense. This was not found to be 
the case. The capillaries are narrow, especially their arterial limb, 
the flow of blood is normal or more rapid and the capillary and 
venule pressures are increased or near the upper limits of normal. 
This picture suggests that in essential hypertension there is a 
generalized constriction of the vascular tree. 

The blood pressure of the capillary can vary independently of 
the rest of the vasomotor system. The capillary helps sustain the 
pressure head of the circulation by means of its contractile Rouget 
cells. It is sensitive to changes in oxygen content of the blood,^ 
to variations in temperature and to chemical and mechanical 
stimulation. The pressure has been shown to be increased in some 
cases of hypertension,^ frequently in acute and chronic nephritis^’®’®’^® 
and the hypertensive toxemias of pregnancy.- It has been 
noted that the increase is associated with the active phase of the 
illness, the pressure returning to normal with convalescence; and 
the idea has become prevalent in the literature that the significant 
feature of these clinical conditions is a generalized capillary involve- 
ment. 
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In our work all the cases of acute nephritis had a high capillary 
pressui-e with blood and albumin in the m-ine, all disappearing in 
convalescence. A large majority of the cases of chronic nephritis 
with a high capillary pressure had albumin and blood in the urine. 
Furthermore, those with a marked hematuria were limited to the 
increased pressure group. This association of increased capillary 
pressure and urinary signs during the active stage of the disease is 
indicative of a systemic capillary involvement.^® The significance 
of these findings may be clarified by a recent study^i on the mam- 
malian capillaries in the sartorius muscle. The typical reaction .to 
any but harmful stimuli was dilatation. Vasoconstriction was the 
response to severe irritants which finally lead to endothelial destruc- 
tion. In view of this statement the vasoconstriction or high capil- 
lary pressure found in the cases of nephritis suggests that there is a 
generalized stimulation of the capillary endothelium. 

The capillary pressure is an indicator of the balance between the 
driving force of the bloodfilow and the resistance of the vascular 
wall. The osmotic pressure is a measure of the attraction of the 
constituents of the blood serum for water. The endothelium is a 
semipermeable membrane of extreme thinness, being only slightly 
permeable to protein. Filtration of fluid from the blood to the 
tissue spaces takes place when the capillary pressiue exceeds the 
osmotic pressure and resorption when the latter is greater. The 
rate of interchange depends upon the degree of difference in the two 
pressures. The normal capillary is the site of both these processes. 
Landis^ has shown that in the arterial limb of the capillary the blood 
pressure exceeds the osmotic pressure, and that in the venous limb 
these relations are reversed. An exaggeration of this normal rela- 
tionship, due either to an increase of capillary pressure or a decrease 
in osmotic pressure, will result in edema. When the endothelium is 
injmed the rate of fluid loss is increased as much as four times.’’ This 
increase in permeability can be brought about by adding endothelial 
poisons to the blood or by deoxygenation of the experimental animal. 
To study the effects upon the human endothdium of a similar 
injury, patients in whom an intense anoxemia could be brought 
about were examined. VTien their oxygen administration was 
stopped cyanosis became intense, the capillary blood pressure fell 
abruptly and the rate of flow was reduced. With restoration of 
oxj'gen the pressure rose. Koranyi'® believes that additional in- 
fluences on tlie transudation of fluid are chemical and hormonal 
changes in the blood. Furtlier, he feels that the protein content 
of the edema fluid slows the rate of flow through the capillary 
endothelium. 

Clinically, the relationship of low osmotic pressure to edema has 
been emphasized first by Epstein^® and others, but the role of the 
capillary pressure has been neglected. Cases are often seen m 
which edema is present with a normal serum osmotic pressure. 
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These exceptions Avere discussed in a recent pajier^'* on edema and 
low serum protein, but in this case, too, the capillary pressure has 
been disregarded. Following the original conception of Starling, 
Krogh^® and later Landis^ have shown that changed values in both 
these pressures are requisite factors in loss of water from blood to 
tissue spaces. Two clinical studies have recently been reported 
confirming this. However, Nakazawa and Izumfi® have calculated 



« 

1 1 

• •• 

A 

1 

• 

+H- 

1 f i 

1 

'\+ • + 

w 

-t-? 

i 

1 

• < 


T'n 1 — 

d^-l-4 

_ 1 .. .1 . 

1 

+ 

*4* 

+ + + 

+ 



p 

• 

^ • < 


1 1 

f+ + 

1 

+ 

w 



)1 






3 7 6 5 4 3 

+ NO EDEMA 
• EDEMA 


Chaet II. — Relationship of capillary pressure and serum protein per cent to edema. 


capillary pressures from that of the brachial artery. This is not a 
justifiable assumption, as in all the previous and present work it 
has been emphasized that there is no mathematical relationship 
between the two. In the work of von Farkas^^ the capillary pressure 
Avas calculated from the venous pressure. This method has not 
been foimd correct.^® Von Farkas found the venous pressure normal 
in cases of nephritis with edema and high when there was an asso- 
ciated cardiac decompensation. However, Koranyi feels that in 
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spite of the low venous ])ressure the capillaiy pressure is higher than 
the osmotic pressure of the blood plasma. 

An analysis of the cases with edema would indicate that the 
blood pressure of the capillary is an important factor. In the 
presence of a very high capillary pressure edema will result even 
though the osmotic pressure is normal or a low normal. To visu- 
alize the interrelationship of these two pressures to the presence or 
absence of edema all the cases reported in this paper have been 
plotted in Chart 11. It shows the serum protein per cent on the 
abscissa and the capillary pressure on the ordinate. Study of this 
graph shows that the vast majority of the cases with edema group 
themselves in the upper right side; those without edema fall in the 
lower left side. A line can be drawn separating these well-defined 
groups, and it appears to lie just above an imaginary line which 
connects the points at which both the, pressures are balanced and 
fluid interchange is at a standstill. There was only one marked 
exception in the nonedematous group; however, doubt was cast 
upon the accuracy of its serum protein, as on many subsequent 
examinations it was found to be normal. 

In the cases associated with cardiac insufliciency both the arterial 
and venous limbs contribute to the formation of edema. The 
pressm-e is high in both, and not only is there increased fluid loss 
from the blood but delayed absorption from tlie tissue spaces. 

Summary. 1 . A comparison has been made between the capillary 
morphology found in essential hypertension and peripheral arteriolar 
spastic (Eaynaud’s) disease. From their marked difference it seems 
more probable that essential hypertension is due not solely to 
arteriolar spasm but to a generalized arterial spasm. 

2. The frequent association of high capillary blood pressure with 
renal disease is indicative of a spasm response due to a severe 
involvement of tlie systemic capillary system. 

3. A relationship between the capillary pressure and osmotic 
pressure of the blood to the presence of edema has been found to 
exist in nephritis. 
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THE PRACTICAL APPLICATION OF THE BLOOD SEDIMENTA- 
TION TEST IN GENERAL MEDICINE.* 

Observations Based Upon Approximately 5000 Patients Over 

A PERIOD OF Six Years. 

By j. W. Cutler, M.D., 

MEMBER OP CLINICAL STAFF, HENRY PHIPPS INSTITUTE, UNIVERSITY OF 
PENNSYLVANIA, PHILADELPHIA. 

The blood sedimentation test is one of the newer laboratory 
procedures, striving for a place as a valuable diagnostic aid and 
prognostic index in infectious and other destructive diseases. It has 
been studied extensively in two fields of medicine, in pulmonary 
tuberculosis and gynecology. In tliese fields it has been accepted 
by many as a valuable addition to tlie armamentarium of the 
physician and as a more reliable source of information tlian some 
of tlie usually accepted procedures on which he customarily bases 
his judgment. Its importance as a routine procedure in general 
medicine and especially in office and dispensary practice has, how- 
ever, received little if any consideration, and it is the purpose of 
tliis paper to describe some of its possibilities. 

Tin's paper is based on ex-perience with tlie sedimentation test 
acquired through intensive study in hospital, dispensary, and office 
practice during tlie past 0 years, "i^liat I wish to present at the 


* Pro.sontcd Ixiforc the Philadelphia Countj* Medical Society, Aiiril 17, 1931. 
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^present time is a broad outline of this experience, based upon 
‘personal observations on more than 5000 patients, covering prac- 
tically every common disease encountered in the practice of "internal 
medicine.” 

It is not within the scope of this discussion to consider the various 
hypotheses that have been suggested to explain the phenomenon 
of blood sedimentation. It is safe to say, however, that out of a 
host of explanations, ivhether in terms of autoagglutination, of 
electrophysical reaction, of increased fibrinogen content of blood 
plasma, or of a specific something (ferment) in the plasma, not 
one is generally accepted. 

However, evidence is accumulating to show that essentially the 
sedimentation phenomenon depends upon the amount of cellular 
destruction going on in the body. As tlie blood circulates from 
part to part it carries away products of tissue destruction, which 
alter its stability. In healthy persons, as a result of the wear and 
tear of everyday life, a certain amount of tissue destruction is 
always taking place, and although this varies from day to day it 
remains within limits considered normal. Even this relatively 
small amount of tissue destruction is registered by the sedimentation 
test. This was clearly shown by Greisheimer,^ who made 174 
repeated observations on a group of 31 healthy men and women and 
observed that the sedimentation rate varied from week to week in 
the same individual, but always within normal limits. 

Should the amount of tissue destruction pass beyond the normal, 
•then the stability of the blood is seriously disturbed and the red blood 
cells settle out quickly from- the plasma. All tlie observations 
recorded in recent literature emphasize this important fact: that 
regardless of the disease present, whether it be active pulmonary 
tuberculosis, malignancy, pelvic inflammatory disease, and acute 
infections such as typhoid fever, or any disease in which tissue 
destruction is going on at a greater pace than normal, the rapidity 
of settling of the red blood cells is in direct proportion to the severity 
of the disease. 

It is evident, therefore, that the sedimentation reaction portrays 
a disturbed physiology of tlie blood resulting from a destructive 
process, and should be looked upon as one of the fundamental 
phenomena occurring during disease and regarded as an indication 
and measure of patliologic actiidty in the same sense as fever or 
leukocjiiosls. 

Technique. The 1 cc. Cutler graphic technique was followed 
throughout. This tecimique is very simple and can be carried out 
by tlie physician in his office witliout difficulty.^ The essential 
features are as follows: 

Specially designed sedimentation tubes of 1 cc. capacity are 
used, graduated into 50 mm. divisions, witli 0 at tlie 1 cc. level; 
each millimeter indicating 0.02 of 1 cc. One-tenth of 1 cc. of a 
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3 per cent sodium citrate solution and 0.9 cc. of blood, obtained b}'^ 
puncture of a suitable vein, are gently mixed in a 2 cc. syringe and 
poured into the sedimentation tube. The position of the sediment- 
ing column of erythrocytes is determined every 5 minutes for 1 hour 
(Fig. 1). The observations are recorded on charts that have been 
designed for the purpose, on whidi the horizontal lines represent 
tlie divisions on the tube and the vertical lines the intervals of time. 
Graphs are then constructed, which not only show the position of 



Eiq. 1. — Blood sedimentation at different time intervals in a patient Tsdth rapid 
settling of the red blood cells (pelvic inflammatory disease.) 


tlie sedimenting column of erytlirocji;es at any period of time during 
the first hour, but also portray the dianges in velocity tliat occur 
during the process of sedimentation (Fig. 2). 

Four distinct graphs are recognized, a horizontal line, a diagonal 
line, a diagonal curve, and a vertical curve. Of these, the horizontal 
line alone is normal, tlie other tliree graphs are always abnormal 
findings and always indicate different degrees of tlie intensity of tlie 

Note. — The sedimentation tubes may be obtxiiued from Arthur H. Thomas Co., 
Philadclpliia, the charts from John Hartenstine, Norristo^\-n. 
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destructive process. For greater detail tlie reader is referred to 
previous communications.®’'* 

Test Studied Under Three Headings. With, this introduction let 
ns see ivhat the sedimentation test has to offer the busy physician 
when used as a routine procedure in everyday practice. It seems 
best, in order to avoid confusion, to discuss the test under three 
headings: First, its diagnostic value; second, its value in prognosis 
and as a therapeutic guide, and third, its limitations. 



Fig. 2. — Typical graphs of blood sedimentation. A, horizontal line; S, diagonal 
line; C, diagonal curve; JD, vertical curve. Of these the horizontal line alone is 
normal; the other graphs are always abnormal and indicate different degrees of the 
severity of the disease. 


The Diagnostic Value of the Sedimentation Test. The sedimenta- 
tion test is nonspecific and is not a procedure for diagnosing any 
particular disease (Fig. 3), but rather as a general symptom like 
fever and leukocytosis. As sudi, it serves as a valuable diagnostic 
aid in two ways : First, as a lead in diagnosis, indicating the presence 
of noteworthy disease, not infrequently before it is manifest clinic- 
ally; and second, as a measure of the intensity of the disease process, 
often more accurately than the more commonly accepted procedures. 

The sedimentation test is perhaps most useful as a diagnostic 
lead. A careful re\aew of a reasonable number of records in any 
well conducted dispensary or office will readily convince one of tlie 
value of some simple laliorator}’ procedure than can by a single 
determination indicate the presence of serious disease and dis- 
tinguish the seriously ill from the patient with symptoms of minor 
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Eig. 3. — Nonspecificity of blood sedimentation test. Almost identical graphs are 
obtained in Avidely different diseases. D, pulmonary tuberculosis; E, l^ronchiectasis; 
F, lobar pneumonia; G, chronic bronchopneumonia; H, lung abscess; I, carcinoma of 
lung; A, B and C show indifference of test to pathologic conditions of noninfectious 
nature. The patients suffered \vith asthma, mitral stenosis and chronic sinusitis 
respectively. 



Fig. * 1 . — Blood .sedimonfation during progn.ancy. 
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significance. Such a test would undoubtedly be of inestimable value 
in helping the physician arrive at an accurate diagnosis earlier and 
in a larger number of patients than is now possible. 

In the sedimentation test we have just such a procedure. In- 
creased settling of red blood cells, as far as we know today, occurs 
when there is increased destruction of tissue and, tlierefore, rapid 
sedimentation demands explanation in terms of disease and should 
never be disregarded. Pregnancy is the only physiologic process 
that is accompanied by rapid sedimentation (Fig. 4). 

In a series of more than 1000 cases observed consecutively at the 
Henry Phipps Institute, 328 patients were diagnosed either as 
apparently healthy or suffering from some trivial and transient 
symptoms of slight pathologic importance. The diagnosis was 
based upon careful history and physical examination, with the 
usual observations as to pulse, temperature and weight. Of this 
number 177 (54 per cent) had a definitely abnormal sedimentation 
rate for which no satisfactory explanation could be given by the 
examining physician. When these patients, however, were subjected 
to routine Roentgen ray examinations of the chest, Wassermann 
tests, nose and throat examinations, and the women to routine 
gynecologic examinations, the abnormal sedimentation test no 
longer remained a mystery. In 96, basal infiltration of the lungs of 
varying extent and nontuberculous in character were found by 
Roentgen ray. In 32 the Roentgen ray revealed latent tuberculosis 
involving the apices. Positive Wassermann and Kahn reactions 
were found in 35. In 5 women the gynecologist made a diagnosis 
of pelvic inflammatory disease and recommended operation. In 
1 carcinoma of the lung was suspected because of Roentgen ray 
findings. In 8 no definite pathology could be demonstrated but 
there was sufficient reason to warrant holding these patients for 
further observation. Thus in most of these cases tlie significance 
of the abnormal sedimentation rates was explained by the final 
diagnoses. These patients had either trivial symptoms or no symp- 
toms at all. In every instance a careful physical examination by a 
competent physician was negative and a tentative diagnosis was 
made of "apparently healtliy.” This is particularly striking in 
the group of patients with significant Roentgen ray findings in 
tlie lungs, for tlie physicians who made tlie physical examinations 
of the ^est were especially trained to recognize tlie early signs of 
disease and might properly be called "chest specialists.” 

The abnormal sedimentation rate in these patients undoubtedly 
served as a diagnostic lead, clearly indicating that in spite of nega- 
tive signs and tlie absence of sjmiptoms the patient ivas not healthy 
but harbored some serious ailment. If these patients had not been 
subjected to a painstaking search, no satisfactory explanation could 
have been advanced for the abnormal sedimentation and superficial 
criticism would have branded the test as “unreliable.” 
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The following are typical specific instances in which the sedimen- 
tation test was or might have been of definite help as a diagnostic 
lead: 

A woman, who was studied in different hospitals, had gall bladder 
symptoms and was then diagnosed as neurasthenic. Her sedimen- 
tation was active. An operation revealed carcinoma of the head 
of the pancreas. 

A woman, with loss of weight, was told she had cancer. Her 
sedimentation was normal. An operation showed adlierent gall 
bladder, and was followed by complete recovery. 

A woman, with suppurative brondiitis, had had a diagnosis of 
nervous cough, which was contraindicated by an abnormal sedi- 
mentation rate. 

A woman, with vague symptoms and a family history of tuber- 
eulosis, was apparently in good health and told to go to work. 
Her sedimentation rate was abnormal. She gave a positive Wasser- 
mann reaction. 

Classifying the different diseases studied according to whether 
or not they cause increased settling of the red blood cells, we can 
group tliem under three headings. 

Table 1.— Diseases Grouped According to Sedimentation Rates. 

With an Abnormal Sedimentation Rale. 

1. Chronic infectious diseases, such as tuberculosis and syphilis. 

2. Acute infectious diseases, such as pneumonia, septicemia, acute endocar- 

ditis, the exanthemata and acute bronchitis. 

3. Malignancy. 

4; Localized suppurations, such as pelvic inflammatory disease, suppurative 
mastoiditis, suppurative sinusitis, empyema of the gall bladder, 
broncliiectasis. 

5. Acute intoxications, such as lead and arsenic poisoning. 

6. Certain endocrine disturbances, such as thyroid toxicosis. 

Influencing the Sedimentation Rale Very Little If At All. 

' 1. Simple catarrhal inflammations, such as acute catarrhal appendicitis, 
simple rhinitis and colitis. 

2. Cteonic ulcerations of small extent, such as gastric or duodenal ulcer. 

Not Influencing the Sedimentation Rale. 

1. Functional diseases, such as the various neuroses, and neurasthenia. 

2. Certain nervous diseases, such as dementia precox. 

3. Focal infections, such as abscessed teeth, diseased tonsils and chronic sinusitis. 

4. Metabolic diseases, such as uncomplicated diabetes and essential hypertension. 

5. Allergic diseases, such as asthma and hay fever. 

6. Most skin diseases. 

7. Simple growths, such as fibroma, lipoma and fibromyoma. 

8. Simple cysts. 

9. Clironic valvular disease of the heart. 

Ilapid sedimentation, in other words, is found only in infectious 
disease and malignancy. 

_ It must be clearly understood tliat a normal sedimentation reac- 
tion does not rule out serious disease. For instance, patients may 
harbor advanced tuberculosis and still have a normal sedimentation 
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rate. In such cases tlie normal reading indicates that the tuber- 
culosis is not active, or at least there is not sufficient tissue destruc- 
tion to cause increased settling of the red blood cells. 

To state the same thing in anotlier way— a normal sedimentation 
reaction indicates one of two things, either health or the existence of 
destructive disease, not sufficiently active to disturb tlie natural 
stability of the blood; an increased sedimentation reaction is always 
abnormal, and except in pregnancy indicates the presence of disease. 

We have tlien in the sedimentation test a sensitive method for 
detecting serious disease as soon as it becomes sufficiently active 
to disturb the stability of the blood. 

The Value of the Sedimentation Test as a Prognostic and Therapeutic 
Guide. The second use to ivhich the test readily lends itself in diagno- 
sis is its ability to evaluate in definite terms tire degree of constitu- 
tional disturbance produced by the pathologic process. No diagnosis 
of any disease can be said to be complete without such knowledge 
and the skillful physician emploj^s every aid of his profession to 
obtain tliis knowledge. It is only after an accurate and considerate 
estimation of the intensity of the disease process that intelligent 
treatment can be planned. Its importance to the welfare of the 
patient from a practical sense can hardly be overstated. 

The ability of the sedimentation test to supply this information 
more accurately than most of our usually accepted procedures, 
sueli as temperature curve and pulse rate, blood count, or physical 
signs and sjTnptoms, was one of its first draracteristics to be recog- 
nized clinically and wide use has been made of it in tuberculosis and 
gynecology, in the former to indicate the activity of the tuberculous 
process and in the latter the safe time for operation in pelvic inflam- 
matory disease. This aspect, its usefulness as a quantitative index, 
has been emphasized in many excellent contributions to tlie literature 
on tlie subject. 

As a measure of constitutional disturbance the sedimentation 
test may clearly be of great value to everyday clinical practice, not 
only in diagnosis but also in prognosis, and as a guide to treatment. 
The changes in sedimentation rate parallel the severity of tlie dis- 
ease, becoming more rapid as the disease becomes worse and slowing 
down to normal as the condition of the patient improves. 

The graphs of subsequent sedimentation findings recorded upon 
the original chart is a dramatic and convincing indication of the 
progress of the disease in terms of constitutional disturbance, 
unequalled by any existing clinical or laboratory method for its 
accuracy and simplicity. It is not subject to psycliologic influences 
or to the promises of a well-meaning physician or pharmaceutical 
bouse; if the treatment has no direct eft'ect upon the disease, sedi- 
mentation will continue rapid. At times it may even increase in 
rapidity in the face of apparent symptomatic improvement and 
well-being. 
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Clinical Examples.— C ase l.—iV most striking example was observed 
iu .T. 11., aged 67 years, wlio was first seen on December 3, 1920. One 
montk later a diagnosis of carcinoma of the right bronchus was established 
through biopsy. The patient died 9 months later and had clinical mani- 
festations of metastasis several months before death. About 6 months 
before he died he seemed to have improved clinically to such an extent that 
the family and the patient became unusually hopeful. His symptoms of 
cough and expectoration became less, pain was less marked and Ms strength 
improved. He even gained a few pounds in weight. As a coincidence 
his treatment at that time consisted of 5 cc. of a 5 per cent solution of 
calcium chlorid, given intravenously twice weekly, in addition to the usual 
supportive measures. . The family was convinced that the patient was 
getting better and that the improvement was due to the intravenous 
medication. As can be seen from the graphs C and D (Fig. 5) sedimenta- 



Fig. .5. — Blood sodimontmion in fatal carcinoma of the lung. 


tion during this period of symptomatic improvement became more rapid 
and continued to increase in rapidity until death. The sedimentation was 
not inflvienced by mental phenomena but remained a true guide to the 
severity of the malignant process and prevented the indulgence of false 
hopes. 

A few typical examples and tJie accompanying figures further 
illustrate tlie usefulness of tlie test in prognosis and in guiding 
treatment. 

Case 2.— S. S., aged 23 years, was admitted to the Northern Liberties 
Hospital on December 19, 1929, vdth acute pulmonar}’- tuberculosis involv- 
ing the right upper lobe and complicated by severe hemoptysis. Artificial 
pncuinothorax was instituted, December 21, and the patient responded 
well . He was discharged in good condition and practicallj^ free of sjouptoms 
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thirty days later, to continue his pneumothorax treatments in the clinic. 
His_ recovery has been uneventful and at the present time he is pursuing an 
active life. Fig. 6 depicts the daily variations in temperature during his 



Eig. 6. — Daily temperature curve in a case of acute tuberculosis treated by artificial 
pneumothorax (indicated by arrow) . 



Fig. 7. — Clinical course during the first year of treatment by artificial pneumo- 
thorax illustrating the relative rapidity with which the temperature, weight and 
sedimentation rate returned to normal. The temperature as a representative 
sjTnptom of toxemia was the first to subside. The sedimentation rate, on the 
other hand, did not recover until 9 months after the temperature and other signs 
of toxemia were absent. The vertical line denotes a change in scale from weeks 
to months. (Same patient as in Fig. 0.) 

staj' in the hospital. Fig. 7 illustrates the clinical course during the first 
3 Tar that the patient had been under observation and indicates the relative 
rapidity with which the temperature, w’eight and sedimentation rate 
returned to normal. 
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The temperature as a representative symptom of toxemia was the first 
to subside. The sedimentation rate, on the other hand, did not recover 
until 9 months after the temperature was normal and the signs of toxemia 
absent. It was the last objective observation to return to normal and 
for months was the only indication of the pathologic state of the compressed 
lung- 

Fig. 8 illustrates the course of the sedimentation graph observed during 
the first year of treatment as recorded on one chart and shows what an 
excellent method we have here for visualizing steady improvement _ in 
favorable cases. The shaded area of the chart indicates the sedimentation 
graphs obtained during the absence of clinical signs and symptoms, at a 
time when something was desperately needed to indicate the true state of 



Eig. 8. — Sedimentation graphs obtained during first year of treatment by artificial 
pneumothorax. The shaded area indicates the sedimentation graphs obtained 
during the absence of clinical signs and symptoms. (Same patient as in Eigs. 0 
and 7.) 

affairs in the compressed lung. Without the sedimentation test the clinical 
management of this case would have been much more difficult. 

When the disease is not responding to treatment the sedimen- 
tation test will either remain fixed or increase in rapidity. 

Case 3.— F. P., aged 24 years, first came under observation for advanced 
pulmonary tuberculosis involving the left lung in February, 1930, when 
artificial pneumothorax was started. She has been under treatment ever 
since. Unfortunately the cavities in the left lung can be compressed very 
slowlj’" and with great difficulty because of the adhesions and, although 
clinical^ she is comfortable, there has been little if any improvement in 
the sedimentation rate over a period of 1 year. Fig. 9 illustrates some of 
the graphs obsen^ed during this period in this patient, and is very con- 
vincing proof of the lack of actual improvement in the lung. 

YOU. 1S3, xo. 5. — M\Y, 1932 23 
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I^ig. 10 illustrates the steady increase in rapidity of sedimentation in a 
patient ryitli bilateral tuberculosis who at first responded remarkably well 
to artificial pneumothorax and then suffered a spread in the right or "good” 
lung. The spread was rather extensive, and at first gave no warning clinical 
signs or sjnnptoms. It was only because of the unexplained increases in 
the , rapidity of the sedimentation rate that the true state of affairs was 



Eio. 9. — Sedimentation graphs obtained during the course of chronic pulmonary 
tuberculosis treated by artificial pneumothorax but ^Yith little or no improvement. 



Fig. 10. — Sedimentation graphs obtained during the course of chronic pulmonary 
tulierculosis treated by artificial pneumothorax uith spread in the untreated or 
■‘good" lung. A, before treatment was started; B, nineteen months later (patient 
free of symptoms and able to do a full day’s work) ; C, D, I?, F, incren-sed sedimenta- 
tion accompanied by extensive spread in right or "good ’’ lung ndth onvity formation. 
Patient ordered iiack to lied at D. 
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quickly recognized and the patient ordered back to bed. Even to this day, 
although we know that there is advanced disease in the “good” lung, as 
revealed by Roentgen ray and fluoroscopic study, one can detect very few 
if any definite physical signs. The patient is free of fever and cough and 
has only slight expectoration in the morning. He is overweight and feels 
well in every respect. The unexplained increase in sedimentation rate, 
determined as part of routine practice in the management of such cases, 
serves, like a storm signal in a calm, as a warning that trouble has begun, 
and that it is no less real because it is not yet visible. 

Other striking examples of the usefulness of tlie sedimentation 
test as a check upon therapeutic measures are shorvn in the accom- 
panjdng illustrations. Some of the cases have been described in 
detail and others are sufficiently explained by the legends. Space 
forbids further discussion of interesting examples. The reader will 
find that the literature is rich in contributions on this phase of the 
subject, but best of all he can find his own examples through clinical 
trial at the bedside. 

limitations of the Sedimentation Test. The author is well aware 
that much criticism will be directed against this test, if for no other 
reason than because the claims made for it are of such fundamental 
importance as to challenge the imagination. No doubt some will 
argue that if what is claimed is true then all that one will have to 
do in the future to know anything desired about the state of the 
patient is to perform a sedimentation test. On the other hand, 
others will see no value in it at all. They will argue that the sedi- 
mentation test is merely another addition to the laboratory play- 
house-interesting but not essential. If the physician will study 
his patient carefully and employ every method at his command at 
present, he will not need this new trick to tell him if his patient is 
ill, what to do for him or what the outcome will be. 

These criticisms are heard many times. One can only reconcile 
oneself with the observation that it is in the nature of things for ' 
anything new to be challenged. Anything that stirs our stagnation 
and forces us to change our habits of thought and action is almost 
sure to be looked upon by some with suspicion and even regarded 
as an oft’ence. 

The sedimentation test is not a substitute for any existing clinical 
or laboratory procedure. On the contrary, it is complementary to 
tliem, and therefore essential, because it fills certain important gaps 
left by current methods. Although at first it may seem a luxury, 
repeated use at the bedside will soon establish it as a real necessity. 

The sedimentation test will not make a good doctor out of a 
poor one, but it will undoubtedly make a keener and better physi- 
cian out of a good one. The physician and not the test must deter- 
mine the nature of tbe patliologic condition it points out to him. 
The test has served its purpose in diagnosis when it has indicated 
the existence of disease and thus warned tlie physician to make an 
unremitting .searcli for tlie source of the disturbance. Once the 
diagnosis has been established the rate of sedimentation becomes a 
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measure of the intensity of the disease, more accurately than our 
commonly accepted procedures, and serves as a record of the 
response to treatment. It is obvious, therefore, that the sedimen- 
tation test has a field of usefulness of its own, not readily covered 
by existing laboratory and clinical methods, ^^^len we learn to look 
upon the increased rapidity of the settling of red blood cells as a 
measure of tissue destruction regardless of etiology, we shall have 
begun properly to interpret the test. We shall then begin to see 
the possibilities of its routine use in office, hospital and clinic. 

The sedimentation test has certain real limitations which should 
be borne in mind: (1) It does not give a diagnosis of a specific 
disease. Neither does fever, nor leukocytosis. (2) A normal sedi- 
mentation is not conclusive evidence that there is no disease, but 
it does show that disease, if present, is producing very little if any 
constitutional disturbance. (3) Abnormal sedimentation reveals 
pathologic processes that cause tissue destruction, but these include 
the infectious diseases and malignancy. (4) Sedimentation is 
abnormally rapid with pregnancy after the third month. (5) The 
test is not infallible. I have seen a few instances and some have 
been brought to my attention of a normal sedimentation rate with 
clinically active disease. These cases are very rare and the reasons 
for them obscure. I recall only 5 in over 5000 observations. IVhen 
we know more about the mechanism involved these exceptions may 
take on a meaning of their own. It is also true that not every 
abnormal sedimentation can always be explained in terms of dis- 
ease, but such cases should be regarded as suspicious until proved 
otherwise. 

Summary. The blood sedimentation test has been studied in 
hospital, office and dispensary practice during the past 6 years with 
more than 5000 patients. The test w^as found to be of distinct 
diagnostic and prognostic value in diseases characterized by dis- 
turbed stability of the blood. A list of such diseases has been 
drawn up, but consideration of the value of the test in any given 
disease has been reserved for separate communications. The present 
purpose is to describe and illustrate the fundamental characters 
of the sedimentation test in disease in general. 

In diagnosis the test has two values, first as a diagnostic lead 
and tlie second as a diagnostic gauge. As a diagnostic lead it indi- 
cates the presence of serious disease, not infrequently before the 
disease can be recognized by the usual clinical and laboratory 
methods. As a gauge of the constitutional disturbance produced 
by the pathologic process, it indicates the intensity of the disease 
and tlius, like fever or pulse rate or blood count, but more exactly, 
helps to complete the diagnosis in a qualitative sense. 

As a prognostic index and, similarly, as a guide in treatment, tlie 
rate of sedimentation has been shown to be a more accurate and 
reliable reflection of tlie real condition of the patient tlian our usually 
accepted procedures. It invariably becomes more rapid as tlie 
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disease progresses, and approaches stability only as the physical 
condition returns to normal. It "is not influenced by psychologic 
factors and may be tire only warning of disaster among promising 
clinical signs, such as gain in weight and the -absence or subsidence 
of symptoms. In tins way it is often the only, or tlie most accurate, 
evidence of favorable, or of unfavorable, response to treatment. 

The test is very simple to perform and to interpret and is inexpen- 
siye. It is a clinical procedure and can be carried out in the office, 
in the dispensary or at the bedside. The complete result is available 
within an hour and in case of necessity the sedimentation test will 
give valuable information within the first half hour. 

Its greatest field of usefulness should be in office and dispensary 
practice, especially in the latter, where large numbers of patients 
must often be seen in short periods of time and by men seeking 
experience. Properly interpreted and used with an open mind, the 
test should in time become one of the most widely used tests in 
clinical medicine. 

Its practical value in any given disease is best studied as a sep- 
arate problem and such studies should be undertaken in large 
numbers so that sufficient data become available in a short period 
of time. Only in this way will lingering doubts be removed and the 
sedimentation test firmly established as a valuable addition to the 
equipment of tlie physician. 
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PATHOLOGIC CHANGES OCCURRING IN POLYMORPHONU- 
CLEAR LEUKOCYTES DURING THE PROGRESS 
OF INFECTIONS. 
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AND 

Natilvn Rosentilvl, M.D., 
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(From (he Wards and the lAiboratories of the Mount Sinai ITosiutal.) 

The response of the blood-foi*ming organs to infections is influ- 
enced by the type of the invading organism and. the intensity and 
extent of the infection. Ordinarily, pathogenic organisms call 
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forth a leukocytosis and a polynucleosis, while certain forms of 
obscure infection are followed by a lymphoid or monocytic re- 
sponse. In some infections, notably subacute bacterial endocarditis, 
macrophages may appear in the peripheral blood. In trichinosis 
the main reaction is shared by the eosinophils. Leukocytosis and 
polynucleosis may be absent in infectious conditions which are 
more or less severe. In such instances the ordinary blood examina- 
tion may be insufficient and misleading, while attention to certain 
other details of the individual cell, such as nuclear and cytoplasmic 
changes, may indicate the presence of an underlying bacterial 
infection. 

In addition to the value of the white and differential count, this 
paper is intended to show the significance of the nuclear and cyto- 
plasmic changes in the granulocytes which occur in certain infec- 
tions because these have a diagnostic and prognostic importance. 
Realizing the need for more detailed methods of examination, 
Axneth,^ in 1904, proposed a subdivision of the leukocytes into 
various types. He showed that the main response to infection 
occurred in granulocytes which had one or two lobules to the 
nucleus. Kothe^ and Tiirk® suggested further simplification of the 
metliod of counting polymorphonuclear cells by dividing them into 
lobulated and nonlobulated cells. The value of this modification 
of the Arneth count has been emphasized by Pons and Krumbhaar,'* 
who divided the polymorphonuclear leukocytes into segmented (or 
older cells) and nonsegmented (or younger cells). Recently Farley^ 
introduced filament and nonfilament count, corresponding to the 
segmented and nonsegmented polymorphonuclear cells. Schilling 
modified the Arneth method and classified the polymorphonuclear 
cells into tlrree groups: (1) Young cells, or metamyelocytes, which 
are not present in normal blood and which usually have a short, 
broad, reticulated nucleus; (2) the staff or hand form, which shows 
a thinner nucleus, somewhat irregular in shape; (.3) the segmented 
'polymoryhomicJcar cell, in which tlie nucleus is lobulated and the 
lobules are joined to one another by a definitely formed tluead. 
It is often difficult to distinguish between the young cells and the 
band form, and it would not deti-act from the value of the hemo- 
gram to combine the two tj’pes of cells, according to the methods 
of Kothe or of Pons and Krumbhaar. 

The diagnostic importance of the increase of the nonsegmented 
polymorphonuclear cells cannot be overestimated. An increase of 
these cells or shift to the left (toward the staff tjT)e) in a series of 
blood examinations usually is indicative of severe infection. The 
greater the number of nonlobulated cells above the nortnal (average 
normal is 5), the more extreme is the degree of infection. 

Previous obserATrs have noted cytoplasmic as Avell as nuclear 
changes in the granulocytes. Such cytoplasmic changes arc large, 
irregular, basophilic alterations of neutrophilic granules. Cesaris- 
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DeraeP (1908), employ in[i; supravital stains in studying the leuko- 
cytes, reported the finding of marked albuminoid and fatty granular 
changes. Schleip® noticed denser granules in the polymorpho- 
nuclear cells in leukocytosis. We are indebted to Tiirk® for the 
first complete description of the “toxic degenerative” changes in 
the granulocytes during severe infections. Naegeli,® Alder^“ and, 
especially, Gloor“ paid particular attention to the prognostic 
importance of the granulocytes with “toxic” granules. Special 
stains for the identification of these granules were devised by 
Freyfeld^^ and Mommsen the latter investigator showed that 
blood smears stained with Giemsa (diluted with a buffered solution 
of pH 5.4) colored normal granules rather weakly in contrast to the 
“toxic” granules. More recently Varga^^ called attention to the 
presence of two types of granules— large in the febrile stage and 
small in the convalescent stage. This writer found no direct 
relationship between the Schilling hemogram and “toxic” granules. 
These granules are present with either hyperleukocytosis or leuko- 
penia. In contradistinction to the theory that “toxic” granules 
are the result of histologic degenerative change (Schilling^®) or to a 
toxic effect associated with suppuration (Naegeli,® Gloor^^), Barta^^ 
has lately suggested that they are j)hagocytosed particles. 

Methods of Demonstrating Toxic Degenerative Cells. Inasmuch as 
the value of any laboratory method depends directly upon its 
accuracy and its simplicity, we have, after trying various stains 
and methods, finally used our routine Jenner-Giemsa* stain, main- 
taining the water at a pH of 6.4 to 7. This method consumes only 
15 minutes and gives blood pictures which are adapted to minute 
study of the normal as well as the pathologic changes in the 
individual cell. 

Control smears from normal blood should always be made. 
This is done by using the outer third of the slide for the normal 
smear and making it at an angle so as to distinguish it from the 
patient’s blood on the same glass slide. In this manner the staining 
quality of the patient’s granulocytes can be readily compared with 
the normal. 

Degenerative Cytoplasmic Changes. The normal polymorpho- 
nuclear neutrophil, when stained with the Wright or preferably 
with the Jenner-Giemsa stain, is usually a round cell, more than 
twice the size of a red cell. The cytoplasm shows a pinkish tint, 
and the nucleus is of a purplish-violet color, its outline being sharply 
defined. (Fig. 1.) 

* Blood smears .are covered vith Jenner’s stain for 1 minute, and then diluted 
n-ith distilled water at a pH of G.4 to 7 for 3 minutes. Distilled water ean be 
brought to proper pH by adding 3 cc. of n/is NasHPOi to 1000 cc. of distilled water. 
The slide is then tilted to remove diluted .Tenner, washed once u-ith buffer solution 
and Giemsa solution added (1 drop to 1 cc. buffer solution) for 10 minutes. The 
slide is then unshed and dried. Wright stain may also be used u*ith the same buffer 
solution to identify “toxic” granules. 
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The abnormal or degcncraliva polymorphonuclear iientrophil, on 
the other liancl, presents certain striking histologic changes. The 
cell outline has a tendency to be irregular, and at times presents a 
moth-eaten appearance. The cells also vary in size in a manner 
analogous to anisocytosis of the red blood cells. . (Fig. 2.) There 
are found in a few cells projections of clear bluish cytoplasm sug- 
gestive of pseudopodia. The fine neutrophilic granules are replaced 
by large, dark, irregular, basophilic granules which may fill the 
entire cell. (Fig. 3.) These granules may be free from or may 
be associated with changes in the cytoplasm, such as the presence 
of irregidar bluish clumps (Doehle bodies) or a diffuse bluish cyto- 
plasm found in myeloblasts. Further evidence of degeneration is 
shown in the presence of vacuoles, sometimes few in number and 
at times occupying most of the cytoplasmic area. These vacuoles 
may be present in a cell without the accompanying basophilic 
granular changes. It must be emphasized that the pathologic 
changes in the cytoplasm of the degenerative cells were found to 
be equally great in the younger and immature polymorphonuclear 
leukocyte as in the mature segmented forms, i. c., they were not 
dependent upon the age of the cell. 

Nuclear changes such as were described by Arneth and, later, by 
Schilling, were noted by us. These alterations are usually indica- 
tive of active regeneration; they can also occur in noninfectious 
conditions, such as hemorrhage, excessive exercise and following 
surgical operations. 

Modified Hemogram. The counting and differentiating of these 
cells may be simplified by the use of a modification of the Schilling 
hemogram. (Table I.) 


T.-iem 1. — Modified Hemogram. 


Patient; Baby S. Ward X 


Diagnosis: Pneumonia. 

Hemoglobin: 65 per cent 
Red Cell-s: 5,010,000 
Platemts: ,320,100 
Leukocytes: 5100 

Difperential Count; per cent. 

Polymorpliomiclears, nonsegmented . - . 73 ' 

Polj-morphonuclears, segmented ... 15' 

Potjmorpbonuclcar eosinophils .... 0 

Poljmorphonuclear basophils . •. . . 0 

Lymphocytes 15 

Monocytes 13 

Other Cells; 

Myelocyte neutropliils 3- 

Myeloblasts 6 


Date: 1-10-31 


Normal. "ycxic.* 


Degenerative index; 

(88 -T- 88) - 100 

Clinical data: , 

Bronchopneumonia, 1 1 1 1 

day; temperature, lOo 1' . 


It became obvious at the outset that the degenerated cells are 
associated witli infections. A single determination of the presence 
of degenerated cells, though helpful, is not sufficient. , Sena 
observations should be made during tlie course of an infection. 
Our main purpose in using the liemogram was to obtain n qnan i- 




Fig. 1.— Appearance of iiolymorphonuclear neutrophils with Jenner-Giemsa stain 
in a normal control smear. Note the absence of “toxic” granules. 



Fig. 2. — Acute lobar pneumonia (.Tenner-Giemsa stain). “Toxic” granules in 
all segmented and nonsegmented polymorphonuclear neutrophils. Note anisocjdosis 
of the leukocytes and .also large liolymorphonuclear neutrophils. 





Fig. 3. — Acute lobar pneumonia, convalescent stage (.lenner-Giemsa stain). Note 
variations and staining intensity of “toxic" granules in the segmented and non- 
Ecgmcnted polymorphonuclear neutrophils. 
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tative estimate of tlie number of degenerated cells. The percentage 
of pathologic cells may be estimated by dividing the number of 
degenerated polymorphonuclear leukocytes by the total number of 
polymorphonuclear leukocytes. This may be regarded as a degen- 
erative index. MommseiT® reported the variations in the number 
of degenerated cells in certain infections, and found a rise in the 
number of these “toxic” cells during the disease and a diminution 
during convalescence. 

The study of infections with the use of the modified hemogram 
proved to be of practical importance. Over 100 cases showing 
various degrees of infection were studied. The cases studied may 
be divided into the following four definite groups; 

1. Normal Controls. Numerous controls were always made in 
normal individuals, as a checlc upon the proper staining of the cells. 
Degenerative polymorphonuclear cells were rarely found; possibly 
one or. two cells showed cytoplasmic changes. The degenerative 
index was always approximately 0. The variation of the non- 
segmented polymorphonuclear neutrophil usually ranges from 1 to 
10 per cent. 

2. N onsupimrative Conditions Showing Leukocytosis. Eight typi- 
cal cases were studied. Bleeding or operation was tlie basic cause 
of a polynucleosis. Nonsegmented (or staff) cells were increased 
in 4 of the cases (14 to 46 per cent). Degenerative changes, how- 
ever, were lacking. The total number of white blood cells varied 
from 9000 to 36,000. In this series we were able to verify the fact 
that a marked increase of nonsegmented polymorphonuclear cells 
may occur in conditions other than infections. This tends to 
emphasize the importance of recognizing degenerative changes in 
the cytoplasm of the polymorphonuclear leukocytes. 

3. Infections— Recovered Cases. Interesting blood reactions were 
observed in this study of cases which included various infections, 
such as mastoiditis, appendicitis, lobar pneumonia, empyema, 
puerperal sepsis, etc. Certain localized infections, such as mastoid- 
itis, appendicitis, subperiosteal abscess and similar conditions, may 
not be associated with either leukocytosis, polynucleosis or toxic 
changes unless there is an extension of the process or complications 
occur; then there is first an increase of the segmented polymorpho- 
nuclear cells followed by a rapid increase of the nonsegmented 
forms. In more severe infections, such as pneumonia or transient 
bacteriemia, our results correspond with the findings of Mommsen,^'' 
in that there is a marked increase of the polymorphonuclear cells 
with degenerative granules early in the infection and a complete 
disappearance of these cells with recovery. The degenerated index 
is at first rather high (21 to 93 per cent) in the first examination of 
patients on admission to the hospital. In all these cases there was 
a gradual diminution in the numbers of the degenerated cells, with 
coin])lete disappearance on recovery. 


Table 2. — Illtjsthativb Cases. 
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In cases ol' wides]H-ead infection, especially in pneumonia, the 
degenerative index was found to fall gradually after the crisis. In 
these instances the curve more nearly approximated the underlying 
disease than the clinical picture, temperature, pulse, etc. This 
was also true in a case of postabortive sepsis in which the tempera- 
ture rapidly returned to normal after the spontaneous expulsion of 
placenta. The persistence of degenerated cells after the tempera- 
ture, pulse and total white blood count have returned to normal 
strongly suggests that, even despite apparent clinical recovery, the 
underlying process is not entirely healed. 

It is important to note that a high degenerative index is not 
necessarily accompanied by a fatal outcome. On following these 
cases repeatedly it was found that a persistence of a high degenera- 
tive index is usually a warning of the persistence of severe infection 
or deep* suppuration which may require surgical intervention. An 
example of this is a case recently observed in one of the surgical 
wards, of a middle-aged man avIio complained of pain, of 6 days 
duration, in the right lower quadrant of the abdomen. After 
admission to the hospital the pain subsided somewhat, and palpa- 
tion of the abdomen did not show rigidity or tenderness. His 
temperature and pulse were normal; the blood picture was approxi- 
mately normal as the number of white blood cells and polymorpho- 
nuclear cells were concerned. According to the hemogram, the 
blood picture was as follows: 

White blood cells, 9300 

Per cent, 

Nonsegmented polymorphonuclear neutrophils .... 15 

Segmented polymorphonuclear neutrophils 62 

— 67 


Lymphocytes 28 

Monocytes 5 

Degenerated polymorphonuclear cells 2 

Degenerative index (2 -i- 67), 3 


The patient’s condition improved clinically, so that surgical 
interference seemed unwarranted. The degenerative index, fol- 
lowed from day to day, ran contrary to the clinical course and, 
based on our past experience, the findings seemed to indicate the 
presence of suppuration. On the third day of admission the blood 
picture showed a degenerative index of 56 and showed the following: 


White blood colls, 13,400 

Per cent. 

Nonsegmented poljunorphonuclear neutrophils .... 24 

Segmented polymorphonuclear neutrophils 42 

, , — C6 

Lj-mphocyte.s 29 

Monocytes g 

Degenerated polymorphonuclear cells 37 

Degenerated index (37 -i- 66), 56 


On the fifth day tenderness reappeared in the right lower quadrant 
and an indefinite mass was distinctly felt. At this time tlie degen- 
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erative index again rose to 68. His temperature at no time was 
higher than 100 ° F. and the pulse remained normal. An abdominal 
exploration was made and a large retrocecal abscess was found. 
The day following the operation the degenerative index reached 89, 
and then gradually fell so that 15 days after operation, when the 
patient had fully recovered, only 2 per cent of the cells were found 
to be degenerated. 

These findings should suggest the importance of additional data 
concerning the character of the cytoplasmic changes in the leuko- 
cytes in surgical cases and may explain some of the apparent dis- 
crepancies between blood picture and operative findings. 

4. Suppurative Conditions— Fatal Cases. The degenerative index 
in all of these cases was usually high, or rapidly rose to a high 
percentage. The trend of the index was upward, in contrast to the 
trend in the recovered cases. There appeared to be more corres- 
pondence with the clinical symptoms and final course of the disease 
than with the number of the staff polymorphonuclears. The lowest 
degenerative indices were found in Streptococcus viridans and in 
meningococcus infections; it Avas somewhat higher in Streptococcus 
hemolyticus infections, and was highest in pneumococcus and 
staphylococcus infections. (Table 2.) 

Many degenerative cells were found in the blood smear in a case 
of carcinoma. The degenerative index was high (95). At post- 
mortem examination an ulcerative, sloughing, infected carcinoma 
of the uterus was found. 

The persistence of a degenerative index between 90 and 100 is 
of grave prognostic import and is usually followed by death. 

Illustrative Cases. Two typical cases are described to show the 
con’elation between the course of the disease and the degenerative 
index. 

Case Reports. — Case 1. A negro, aged 27 years, was admitted to the 
hospital, vdth a history of cough (3 days), weakness, and cliilliness (1 day). 
The temperature was 105.4'' F., and signs of pneumonia of the left lower lobe 
were found. On the seventh day of the disease the temperature came down 
by crisis. The number of white blood cells A’^aried from 29,000 to 36,000 
during the first 2 days and later was 20,000. The white blood count re- 
mained elevated long after the fever had subsided, Avith a sharp, fleeting 
rise of 1 day’s duration 3 days after the crisis. (Table 2). The nonseg- 
mented pol 3 Tnorphonuclear cells ranged from 61 per cent on the day of 
admission to 27 per cent the daj' of discharge. Myelocytes and m 5 '’eloblasts 
Avere 8 per cent on admission and thej^ gradually diminished, so that none 
were present in the blood smear the day of discharge. The degenerative 
index on admission was 93 and remained around SO until the day after the 
critical fall of the temperature. At this time the degenerative inde.x fell to 
40. On the fourth day after the crisis, the degenerative index again rose 
to 97 and remained at that lerml for 3 daj's, dropping afterward toward 
normal. 

A secondary rise in pneumonia shortly after the crisis has pre- 
viously been noted by Mommsen. 
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T.aui<e 3. — S. A. Pneumonia. 


Date, 

1930. 

White blood 
cells. 

>• 

Polyraorphonuclears. 

f 

Lympho- 

cytes. 

Mono- 

cytes. 

Degenera- 
tive index. 

Non- 

segmented. 

Segmented. 

Nov. 18 . 

29,000 

61 

29 

3 


93 

Nov. 19 . 

36,000 

47 

42 



84 

Nov. 21 . 

20,000 

44 


4 


83 

Nov. 24 . 

18,000 

42 


6 


80 

Nov. 25 . . 

22,000 

54 

39 

3 


40 

Nov. 27 . . 

33,600 

45 

39 

10 

6 

97 

Nov. 28 . 

23,800 

41 

47 

8 

4 

98 

Nov. 29 . 

22,000 

44 

42 

6 

8 

96 

Dec. 1 . 

16,000 

26 

48 

14 

12 

79 

Dec. 3 . 

13,000 

27 

56 

12 

5 

38* 


* Discharged. The blood count on the day of discharge, showing a moderate 
leukocytosis, a high percentage of nonsegmented cells, as well as a degenerative index 
of 38, suggests that we are at times discharging patients from the hospital before the 
disease process is entirely healed, and indicates the necessity for an extension of the 
convalescent period. 


In the other cases of our series we were impressed with the fact 
that the curve of the degenerative index may at times follow more 
closely the underlying pathologic process than the temperature or 
the ordinary white blood count. This seems most likely to occur 
in pneumonia. A Roentgen ray examination of the chest 3 days 
after the crisis showed that the left lower lobe was undergoing 
resolution. 

Case 2.— A woman, aged 56 years, entered the hospital complaining of 
fever for 8 days. 

Past history: _ Mastectomy 12 years ago, pneumonia 3 years ago, and 
painful finger joints for many years. Four months ago the patient had an 
infected finger followed by extensive swelling, redness and tenderness of the 
am, with chills, fever (106° F.), and weakness. The chills and fever sub- 
sided after 10 days, but the weakness continued. Three months ago she 
was seized with a severe paroxysm of pain in the back, accompanied by high 
fever 101° to 105° F.), profuse sweats, loss of appetite, and delirium. 

^ Upon admission, the patient was found to be breathing rapidly; there were 
rales at both bases, and edema of the legs; she appeared acutely iU. The 
temperature mounted steadily and marked weakness and sweats continued. 
A week after admission there was severe pain in the legs followed by the 
appearance of phlebitis in the right calf. A blood culture taken on the ninth 
day after admission showed Streptococcus hemolyticus; 11 days after 
admission she became stuporous and died. The postmortem examination 
showed suppurative spondylitis and perispondylitis of the fifth lumbar 
and fifth sacral vertebra;, right pjmsalpinx, and right femoral phlebitis. 

The study of the leukocytes in this case showed that the total 
white blood cells remained the same throughout the course of the 
disease. The degenerative index on admission was 80 and rose 
gradually, persisting around 88 for 5 days. On the thirteenth day 
in the hospital all the polymorphonuclear neutrophils showed 
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degenerative changes; the degenerative index was 100. (Table 3.) 
The hemogram in the fatal cases showed, in most instances, a high 
degenerative index. In the cases which were followed serially the 
degenerative index remained high, rising toward 100 as the disease 
progressed to a fatal issue. It was not unusual to see a fatal result 
in cases with a degenerative index of 100. 

Table 4. — C. G. STsEPTOcoccns Hemolyticus Sepsis. 


Date, 

1930. 

Wliite blood 
cells. 

Polymorphonuclears. 

Lympho- 

cytes. 

Monocytes. 

Degenera- 
tive index. 

Noil' 

segmented. 

Segmented. 

Sept. 11 . 

19,600 

38 

48 

11 

3 

80 

Sept. 16 . . 

18,600 

55 

32 

10 

3 

88 

Sept. 17 . . 

16,600 

57 

39 

3 

1 

83 

Sept. 18 . 

20,600 

53 

42 

3 

2 

88 

Sept. 20 . 

16,650 

72 

20 

5 

3 

87 

Sept. 22 , 

21,000 

54 

44 

2 

0 

100* 


* Exitua. 


Sununaiy. A study of the blood in various types of infection 
shows marked variation in the number of leukocytes and in the 
number of nonsegmented and segmented polymorphonuclear cells. 
Reports of ordinary blood examination limited to the number of 
leukocytes and the percentage of polymorphonuclear neutrophilic 
cells may be misleading and are not helpful in formulating conclu- 
sions, either of a diagnostic or a prognostic character. 

The division of the polymorphonuclears into nonsegmented and 
segmented polymorphonuclear neutrophils is important. The first 
response in infection apparently is an increase in the number of 
leukocytes and of the segmented cells. Then the nonsegmented 
cells increase rapidly. The increase of these immature cells indi- 
cates a growing activity of the bone marrow and not necessarily 
an infection. 

Cytoplasmic granular changes in the polymorphonuclear leuko- 
cytes appear in certain infections. The changes include marked 
basophilia of the granules and, less frequently, vacuolization of the 
cytoplasm and certain cytoplasmic masses knovm as Doehle bodies. 
The basophilic, or “toxic,” granules are seen only in infections— 
most often in bacteriemias. In streptococcus infections they occur 
late, particularly in subacute endocarditis; but in other conditions, 
especially those associated with more or less extensive suppuration 
(as in pneumonia) they make tlieir appearance early and usually 
persist for weeks after the crisis. The cells showng "toxic 
granules occur in both the segmented and nonsegmented poly- 
morphonuclear neutrophils. The absence of “toxic” granules is 
suggestive of a mild or localized infection. A persistence of this 
condition indicates a good prognosis or the absence of complications. 
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The absence of “toxic” granules or degenerative changes in the 
cytoplasm of the polymorphonuclear leukocytes in cases of severe 
infection is unusual. 

The degenerative index offer a prognostic guide in infectious 
conditions. A decrease of the degenerative index is an indication 
of recovery. A steady increase of the degenerative index is sug- 
tive of either a complication or a bad prognosis. A degenerative 
index over 90 per cent is usually associated with a severe infection, 
regardless of the clinical condition of the patient and is of unfavor- 
able significance. 

Frequent observations of patients thi'ough the study of nuclear 
changes, such as segmentation and nonsegmentation, combined 
with a consideration of the cytoplasmic changes, are a most valuable 
aid in gauging the severity and course of infections. 
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Trichina infection, not a rarity in recent years with the rigid 
governmental regulations of commercial meat products, is always 
of sufficient interest to claim the- physician's attention. This is 
true because of the fact that the disease is preventable, it presents 
a variable and interesting clinical picture, it is now one of tbe 
reportable diseases, there is no specific treatment once the larvie 
have invaded the voluntary muscles and, if a sufficiently large num- 
ber of the parasites are ingested, the outcome may be fatal. 

Historical. In the latter half of the 19th century tliere arose no 
little controversy as to the names of those investigators who should 
receive credit for the discovery of the parasite causing trichiniasis. 
The literature of that period abounds with bitter comments, par- 
ticularly between the English and German writers, and shortly 
afterward the discussion was continued in tliis country. When one 
recalls that the public health aspect of trichiniasis was responsible 
for considerable international friction^ it is not surprising that 
prejudices of personal opinion in this regard might have been 
entertained. 

Any dispassionate survey of the literature can hardly afi’ord to 
omit the name of Tiedemann- who, in 1821, observed small, calcified 
bodies in the muscular system of a man who had died of "thoracic 
dropsy.” He described these bodies as being "from two to four lines 
long and round” and submitted the result of their cliemical nature, 
the latter indicating that, in addition to their calcareous constitu- 
ents, they contained organic matter resembling "albumen or fibrin.” 

This remarkable observei has been partially discredited only 
because of his statement as to the size of the calcified bodies, obvi- 
ously miicli larger than is actually the case. It seems likely, how- 
ever, that his was the first published record of the encysted trichina 
larvre. 

In 1828 Peacock® noted the calcified specks in a case at autops}’. 
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prepared a specimen from the sternohyoid muscle and placed it in 
the museum of Guy’s hospital. Five years later Hilton,^ another 
Englishman, discovered what was unquestionably the encysted 
larvae and suggested their parasitic nature. In. 1835 Prof. Richard 
Owen^ described a parasite of man, under the name of trichina 
spiralis, certain small worms which had been found by Paget, then 
a medical student, in a cadaver in London. Owen generously stated 
that Wormwald, a demonstrator in the anatomy laboratory, had 
previously pointed out to him that on numerous occasions sandlike 
particles in the muscle systems of postmortem specimens had dulled 
his dissecting loiives. Joseph Leidy,®“ one of the greatest American 
biologists of the 19th century, was the firk to find trichina spiralis 
in hogs (1846). Herbst (1851-1852),® an exiDerimental physiologist 
in Gottingen, appears to have been the first to have experimented 
with the life history of the parasite. In 1860 Professor Zenker'^ of 
Dresden showed it to be the cause of a disease that has since been 
named trichinosis, and which prior to his observations had been 
confounded with typhoid fever and other maladies. The brilliant 
observations and experiments of Zenker,'^ Leuckart,® ^hrcbow,® and 
others thus placed the medical profession in possession of detailed 
data concerning the life history of, and source of infection by, the 
parasite under discussion; also the symptoms, duration and other 
clinical details of the disease and the preventive measures to be 
adopted. 

In 1896 Brown^® pointed out the eosinophilia that has since 
been regarded so characteristic of the disease. Opie,“ experimenting 
with guinea pigs fed with trichinous meat, noted the variations in 
the eosinophilic cells in mild and severe infections. Frothingham^® 
described the intestinal lesions in rats, and later^® noted that in the 
human the larvre enter by the lymph stream and are distributed by 
the circulating blood. In 1909 Herrick^^ and Janeway recovered 
the larvae from the cireulating blood; 5 years later van Cott and 
Lintz^® first observed their presence in the cerebrospinal fluid. 
in vivo. 

Recently we have been permitted to study 11 cases of trichinasis 
in a family. A summary of the history is as follows: 

Case Eeports. On April 30, 1930, an Italian father at CRde, N. Y., 
purchased smoked ham from a local grocer. (The product was obtained 
from a well-knoum commercial meat packing company.) That evening the 
fatlier, mother and their 9 cliildren ate sandwiches made from the uncooked 
ham. Four daj’-s later the entire family became ill with nausea and diar- 
rhea. (The' remainder of the abor^e-mentioned ham was sold to other 
patrons for frying purposes and no illness resulted therefrom.) These 
sjmptoms, together vdth lassitude, persisted for 6 days, when one of us 
(G. S. A.) was called to attend the mother. She presented nausea, marked 
prostration, a rapid pulse and a temperature of 103° F. The following 
day she was improved ohd the family physician was asked to discontinue 
his wsits. On May 21, 1930, IS days after the onset of the illness, the 
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father consulted his physician because of weakness and anorexia. Marked 
edema of the e 3 ’^elids was noted and a differential blood count revealed 
23 per cent eosinophils. That afternoon we examined the family, all 
members of which showed some exddence of the disease. The prominent 
symptoms of which all complained were: Nausea, diarrhea, pain in the 
legs, shoulders and back. The entire group had, or had had, edema of the 
ej'^elids and of the face over the malar regions. The following rdsume is a 
summary of the interesting features of each case, including the observations 
made 6 months later. 

Father,- aged 45 years. Complaint: Severe pain in the shoulders, 
weakness and anorexia. Examination: Prostration, sweating, edema of 
ej^elids, marked tenderness of shoulder and leg muscles. Temperature, 
99.2° F. Eosinophils, 23 per cent. Progress: May 23: Palpable spleen. 
May 25: Developed hoarseness and cough; bronchopneumonia followed; 
Weakness persisted until latter part of June. November 21: Feels well; 
palpable spleen; slight tenderness of right leg; eosinophils, 4 per cent. 

Mother, aged 33 years. Complaint: Weakness and exhaustion. Ex- 
amination: Tenderness over suprascapular regions and in leg muscles. 
Temperature, 99.6° F. Eosinophils, 33 per cent. Progress: Diarrhea 
continued until July 1. Muscular pains and epigastric pains after eating 
were moderatelj’’ severe during the first week in June. November 21: 
Slight tenderness of legs; palpable spleen; eosinophils, 7 per cent. 

htARiE, aged 11 j^ears. Complaint: None. Examination: Slight 
edema of ej^elids; tender, tense, swollen leg muscles. Temperature, 103° F. 
Eosinophils, 10 per cent. Progress: May 24; Developed cough; no 
r5,les heard. May 28 to June 15: Upper abdominal pain after eating. 
November 21: No s 3 Tnptoms or signs. Eosinophils, 1 per cent. 

Irene, aged 10 3 'ears. Complaint: Pain in the legs. Examination: 
Slight edema of the eyelids; tenderness over suprascapular regions; legs are 
tense and slightty tender. Temperature, 100° F._ Eosinophils, 13 per cpt. 
Progress: May 27 to June 25: Occasional epigastric pain after eating. 
November 21 : Feels well; palpable spleen; eosinophils, 8 per cent._ 

Fred, aged 5 3 'Bars. Complaint: “Legs feel cold.” Examination: 
Marked edema of eyelids; tenderness in legs, forearms and arms. Tem- 
perature, 100.6° F. Eosinophils, 14 per cent. Progress: Ma 3 ’^ 23 : 
Hoarseness. Ma 3 ’^ 24; Palpable spleen. May 25: Upper abdominal 
pain, usuaU 3 ' after eating. June 15: Indefinite abdonunal pain after 
eating. November 21: Feels well; palpable spleen; eosinophils, 13 per 
cent. . 

James, aged 9 3 ’'ears. Complaint: Pain in the shoulders. Exanama- 
tion: Slight edema of e 3 'elids; tenderness over suprascapular regions. 
Temperature, 100.8° F. Eosinophils, 28 per cent. Progress: Ma}^ 24: 
Epigastric pain after eating. ]\Ia 3 '’ 25: Severe epigastric pain after eating. 
June 14: Abdominal cramps in the morning. November 21: Pain and 
tenderness in legs; palpable spleen; eosinophils, 5 per cent. 

Sam, aged 13 3 "ears. Complaint: Weakness and lameness of legs. 
Examination: Pallor, edema of left e 3 "elids; hoarse cough; palpable, non- 
tender spleen. Temperature, 102.2° F. Eosinophils, 28 per cent. Ir^ 
gress: hla3’’27: Palpable spleen; irregular pulse. AIa 3 ^ 28: Dr 3 " cougli. 
5la3' 29: Edema of right side of face. iMay' 31_: Pallor. June 2 to 4. 
Abdominal pain after eating. June 15: Occasional abdominal^ cramps 
after eating. November 21 : No complaints; palpable spleen; eosinopniJs, 

3 per cent. . , 

Agnes, aged 7 3 'ears. Complaint: None. Examination: MarKc 
edema of e 3 'elids; tenderness of left leg. Temperature, 99.2 R Losing 
phils, 21 per cent. Progress: Ma}’’ 21: 'Nightsweats. IMay 27 ana o. 
Epigastric pain after eating. June *4: Diffuse abdominal pain. June o. 
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Occasional epigastric pain after eating. November 21: Feels well; edema 
of face and eyelids; palpable spleen; eosinophils, 9 per ceut._ 

George, aged 15 years. Complaint: Weakness. Examination: Ten- 
derness in legs. Temperature, 98.6° F. Would not permit drop of blood 
to be taken. Progi’ess: Mild course. Would not allow further examina- 
tions. _ , , ■ 

Margaret, aged 14 years. Complaint: Pain in left leg. Examination: 
Tenderness of left leg; edema of eyelids. Temperature, 99.2° F. Eosino- 
phils, 38 per cent. Progress: May 24: Nightsweats; palpable spleen. 
May 25 to 27: Feels well. May 28 to June 2: Epigastric pain soon after 
eating. November 21; No symptoms or signs; eosinophils, 2 per cent. 

Ann, aged 2 years. Complaint; None. Examination: Slight edema 
of eyelids. Temperature, 98.6° F. Eosinophils, 38 per cent. Progress: 
Mild course; had sweats, pain in legs and edema of lids. November 21: 
No symptoms or signs; eosinophils, 5 per cent. 


Table 1.— Differential Count 18 Days After Infestation. 


Patient. 

Age, 

yre. 

Polymorpho- 
nuclears, 
per cent. 

Large and 
small 

lymphocytes, 
per cent. 

Transitionals 
and large 
monocytes, 
per cent. 

Eosinophils, 
per cent. 

Basophils, 
per cent. 

Father . 

45 

64.0 

11.0 

2 

23.0 

1.0 

Mother 

33 

42.0 • 

18.0 

7 

33.0 

0 

Marie . 

11 

GO.O 

25.0 

5 

10.0 

0 

Irene . 

10 

51.0 

31.0 

5 

13.0 

0 

Fred 

5 

56.0 

27.0 

3 

14.0 

0 

James . 

9 

50.0 

20.0 

2 

28.0 

0 

Sam 

13 

55.0 

15.0 . 

2 

28.0 

0 

Agnes . 

7 

63.0 

13.0 

2 

21.0 

0 

Margaret . 

14 

38.0 

21.0 

1 

38.0 

2.0 

Ann 

2 

34.0 

28.0 

1 

37.0 

0 

Average 


51.3 

20.9 

3 

24.5 

0.3 


Table 2. — Differential Count 6 Months Later. 


Patient. 

Age, 

yra. 

Polymorpho- 
nuclears, 
per cent. 

Large and 
small 

lymphocytes, 
per cent. 

Transitionals 
and large 
monocytes, 
per cent. 

Eosinophils, 
per cent. 

Basophils, 
per cent. 

Father . 

45 

58.0 

35.0 

3.0 

4.0 

0 

Mother 

33 

60.0 

31.0 

1.0 

7.0 

1.0 

Marie . 

11 

55.0 

41.0 

3.0 

1.0 

0 

Irene 

10 

45.0 

42.0 

4.0 

8.0 

1.0 

Fred 

5 

35.0 

47.0 

4.0 

13.0 

1.0 

James . 

9 

64.0 

30.0 

1.0 

5.0 

0 

Sam 

13 

45.0 

47.0 

3.0 

3.0 

2.0 

Agnes . 


43.0 

46.0 

2.0 

9.0 

0 

Margaret . 


59.0 

36.0 

3.0 

2.0 

0 

Ann 


40.0 

53.0 

2.0 

5.0 

0 

Average 

■ 

50.4 

40.8 

2.6 

wm 

0.5 


At various times during our observations we attempted to gain 
permission to excise a portion of muscle for microscopic diagnosis 
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but were unable to do so until G months after the onset of the 
illness. Illustration* is a photomicrograph showing, the encysted 
trichinse in a section of muscle removed from the father’s leg. 

Table 1 is a summary of the differential blood counts made on 
May 21, 1930, 18 days after the family became ill. In Table 2 are 
recorded the differential counts made on November 21, 1930, 6 
months later. 

Discussion. Certain features of these cases seem of sufficient 
interest and importance to warrant further consideration. 

1. Eosinopliilia. Eosinophilia has been considered of diagnostic 
importance since Brown’s^ first observations in 1896, and since 
whose contributions the presence of an eosinophilia has come to be 
regarded by many as essential in the diagnosis. However, although 
characteristically true, it is not an invariable finding, as a review 
of the literature clearly shows that many serious cases of trichina 
infection have occurred in which no eosinophilia was present. We 
have therefore regarded it of interest to review the more important 
observations that have been made on this subject. 

T. R. Brown’s^” original case showed 68.2 per cent eosinophils. 
Barker^® and Thayer,^’’ commenting on this case, declared this 
unusual blood picture to be unique in medical literature. One year 
later Thayer^® cautiously expressed the opinion tliat until further 
studies had been made, it could hardly be said that trichiniasis was 
the only type of myositis that might have an associated eosinophilia. 
In 1898 Brown^^ published his important monograph and concluded 
that “there is a marked increase in the percentage of eosinophilic 
cells in the blood . . . this increase may be used as a diagnostic 

sign in the disease.” Thompson-® later believed that “a high degree 
of eosinophilia is invariably present; usually 30 per cent and fre- 
quently much higher, even above 80 per cent.” Leen“‘ thought 
that the eosinophilia stood in close relation to the migration of the 
embryos and tlieir entrance into the musculature, and that for 
months or even years after recovery these cells were increased. 
Cabot-^ mentioned a case in which there was no increase in the eosin- 
ophils until 10 days after the onset of the disease. It will be recalled 
that all of our cases showed a distinct eosinophilia during the third 
week. (Table 1.) 

Opie,^^ working with guinea pigs fed with trichinous meat, was 
led to believe that there was no constant alteration of the number 
of eosinophils until the end of the second week after infection, when 
the relative and absolute number rapidly increased and reached 
a maximum at tlie end of the third week. He was of the opinion 
that the number of eosinophilic leukocytes in the blood always 
diminishes before death, so that the proportion was usually less 
than 1 per cent. He further concluded that infections wdth a very 
large number of parasites caused a rapid diminution of the eosm- 

* Specitnen prepared by Department of Pathology, SjTacuso University College 
of Medicine. 
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opliils and was quickly fatal, whereas mild infections stimnlated 
these cells to active multiplication. 

Gregg-3 reported the case of a boy who had only 10 per cent 
eosinophils after 3 weeks of the disease and believed at that time 
there was no parallel case in the literature. DaCosta^^ later cited 
a patient without fever or history of infection in which trinchinse 
were found in an inflamed leg muscle and in which no eosinophilia 
was present. Bartlett’s^^ case showed only 1 per cent eosinophils 
before death. Howard^® reported a fatal case without eosinophilia 
but with a large number of eosinophils in the muscle lesions. 
McDonald and WaddelP'^ reported 43 cases in which 12 per cent 
did not show an eosinophilia. Other observers^^-^o-^s were of 
the opinion that the degree of eosinophilia afforded no accurate 
index of the severity of the disease. The observations in our non- 
fatal cases would tend to support this latter opinion. Weiss^® 
commented that “the prognosis is poor when there is a sudden 
drop in the eosinophil count.” Jaisohn^® concluded from a study 
of an epidemic that the sudden subsidence of leukocytes and reduc- 
tion of eosinophils indicated an unfavorable termination. Recently 
Aldridge®® has reported a series of 29 cases, all of whom had a 
definite eosinophilia except the 2 patients who died. 

It therefore becomes apparent that an eosinophilia is not a 
constant or invariably dependable finding in trichina infections. 
As has already been pointed out, it may be absent during the entire 
course of the disease; again, the increase in the relative numbers 
may not be present until 1 to 3 weeks after infection. It has never 
been established that the degree of eosinophilia bears any relation- 
ship to the severity of the disease except, possibly, in the fatal 
cases. A review of the literature suggests tliat those cases failing 
to exhibit an eosinophilia at all times during the acute stages of 
the disease are to be regarded as the ones most unlikely to recover. 
The suggestion is offered that a more general appreciation of the 
above observations might prevent serious errors in diagnosis and 
prognosis. 

2. Palpable Spleen.- One of the most interesting features noted 
in our cases was the splenic enlargement. Some years ago, when 
trichiniasis was more frequently confounded with typhoid, the 
absence of a palpable spleen was thought to be a point of differen- 
tiation in favor of the former. Neither Osler®^ nor Cecil®® mentions 
the presence or absence of a palpable spleen in a discussion of 
trichiniasis. It is of some interest that 1 of the 3 cases Brovm^® 
described in 1898 had a palpable spleen, although no further com- 
ment was made concerning its presence. 

Frothingham^® described a case that came to autopsy in which 
there was no splenomegaly. Leen®i declared the spleen not to be 
enlarged in tridiiniasis, but that if it were found to be palpable, 
it was due to a mixed infection and not a peculiarity of the disease, 
van Cott’® noted no enlargement in 10 cases. 
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At the time of our first examination, during the third week of 
^ the illness,' in only 1 case was a palpable s])leen discovered, (vSain, 
aged 13). Two days later one of us (G. S. A.) found a palpable 
spleen in the father. The following day the spleen was palpable 
in 2 more of the cases (Fred, aged 5 and Margaret, aged 14). All 
of the cases were observed daily until June 15' without further 
evidence of splenic enlargement in the remaining cases. 

Because of their apparent recover3’^ they were not seen again until 
5 months later (November 21, 1930), at which time we examined 
the 10 available cases and found that 7 of them had a palpable 
spleen. Except in 1 case (Margaret, aged 14), all of the cases who 
developed a palpable spleen during the active stage of the disease 
also presented this finding 6 months later. Eight of the cases, then, 
had a palpable spleen at one time or another during the period of 
our observations, and 4 cases had a palpable spleen during the third 
week, at a time when the symptoms of their illness were most 
acute. We were unable to make a final examination of 1 patient 
(George, aged 15) because of bis incorrigible attitude. 

The presence of a palpable spleen is of considerable interest, and 
its significance is indeed difficult to evaluate. It is hoped that 
these observations may be borne in mind by others who may see 
cases of trichiniasis. Possibly careful studies on those cases coming 
to necropsj’- may offer a definite explanation of the phenomenon. 

3. Diagnosis and Symptomatology. The usual picture of trichini- 
asis offers little difficulty in diagnosis. Most frequently cases are 
seen in groups and a common source of infection is ascertained. 
The characteristic symptoms of gastrointestinal irritation, the 
fever, the muscular pains, the edema of the eyelids and the eosino- 
philia are noted in the majority of nonfatal cases when sufficient 
trichinous meat has been eaten. 

It is certainl}’^ true that isolated, unrecognized and atypical cases 
of trichiniasis do occur and occasionally there is no history of infec- 
tion in proven cases of the disease. We recall the instance of one 
family in which the mother became infected although the father 
and four children escaped. All had eaten of the same piece of 
insufficiently cooked, home-cured pork. As early as 1901 Williams’® 
reported finding trichinae in 5.3 per cent of 505 unselected autopsies, 
ikll of the subjects had died of other disease than trichiniasis, hence 
“the Infection with trichinae must, in every case, have occurred a 
considerable time previously.” Conner®^ has recently drawn atten- 
tion to the atjqjical forms of trichiniasis. “Trichiniasis presents a 
clinical picture of much greater variability than is the case of most 
specific diseases,” he says, and concludes that there are cases that 
run an afebrile course and that in some patients the characteristic 
eosinophilia may be lacking; that some cases may resemble acute 
nepliritis, acute meningitis or sinusitis; that other patients may 
exhibit conspicuous and alarming tliroat symptoms and othem may 
have epigastric pain as the chief or only symptom of the disease. 
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MacKenty®^ has focused attention on the cases with predominating 
laryngeal sjnnptoms. Such patients, he says, may have cough, 
pain on swallowing and on phonation, and a harsh voice. A point 
of some interest is that the edema of the throat and larynx in his 
cases appeared more like passive edema rather than that due to an 
acute surface inflammation. Thomas^® and Pratt®'^ have described 
rather atypical cases of tricliiniasis in which the predominant symp- 
toms are referable to the sinuses. 

The gastrointestinal and abdominal symptoms are subject, to 
considerable vai-iation and are of great interest to the physician 
who attempts to evaluate their probable causes. It is likely that 
the early symptoms of nausea, diarrhea and vomiting are due to 
mechanical irritation of the intestine at a time when the parasites 
are penetrating the mucous membrane. Frothingham^^ has demon- 
strated the manner of this invasion and pointed out that some of 
the epithelium, where stripped off, becomes necrotic. In spite of this 
fact, diarrhea is by no means a constant symptom. Thompson^® 
suggested that it occasionally occurs as an imme^diate symptom 
when it appeared due to botulismus rather than to irritation by 
the trichinae. All of the cases reported in our series had diarrhea 
during the first week of the disease, but only 1 case, the mother, 
had the symptom after the second week. In her case the diarrhea 
persisted for more than 2 months. 

The variety of the types of abdominal pain in any group of cases 
is fascinating. Possibly the early cramplike abdominal pains, 
during the period of iiiA^asion, are due to localized intestinal spasm. 
When one reflects that the larvae have been found in the mesenteric 
lymph nodes®® and for a time are abundant in the peritoneal cavity;®® 
that the embryos may break out of the vessels in the liver and 
pancreas^® and cause local destruction of tissue; and finally that 
death usually occurs as the result of penetration of the intestinal 
v'Ull,®® it is not difficult to agree that no typical abdominal distress 
could be anticipated in any case or group of cases. It was of interest 
that the majority of our cases complained of abdominal pain, 
chiefly epigastric and usually after eating, about 3 weeks after 
their infection. No spasm or rigidity of the abdominal muscles Avas 
noted. One patient (James, aged 9) had the mild epigastric pain 
at the same time as the other cases, but 2 AA^eeks later began to have 
severe abdominal colic each morning between 8 and 9 o’clock. 
The pain AA^as seA^ere, the temperature normal, the distress had no 
relation to the ingestion of food. The paroxysms lasted from f hour 
to 1 hour, the boy cried and rolled about on the bed and ahvays vom- 
ited whatever was given by mouth to ease the discomfort. No 
localized tenderness or spasm could be elicited and after the parox- 
ysm he remained free from pain for the remainder of the day. 

It has long been recognized that many cases of tricliiniasis may 
have respiratory symptoms. To Opie“ and Frothinghanfl® Ave OAve 
our conception of the pathologic processes taking place in the lungs. 
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One of our cases had a definite bronchopneumonia. Five cases 
developed a cough without rise in temperature and 3 cases presented 
lather marked hoarseness. The laryngeal pathology in these cases 
has been referred to elsewhere.®® MacCallum®® has called attention 
to the bronchitis in some of the fatal cases. 

4. Laboratory Aids in Diagnosis. The variations in the presence, 
degree, or absence of eosinophilia has already been discussed. Fol- 
lowing Staiibli’s^®-" work, Herrick and Janeway^^ demonstrated 
the presence of trichina embryos in the circulating blood. Their 
method was to lake the blood with 10 to 15 parts of 3 per cent 
acetic acid, centrifuge and examine the sediment microscopically. 
Obviously this method is of value only during the period of migration. 

Formerly the presence of a positive Widal test was thought to 
differentiate definitely between typhoid and trichiniasis. This can- 
not be said to be invariably true, since Maase and Zondek^® have 
reported 3 cases of trichiniasis with positive Widals, and Conner®^ 
has drawn attention to the fact that rarely the differentiation from 
typhoid may be rendered difficult by the presence of a strongly 
positive Widal reaction. It is of interest that 1 of Brown’s'® 3 cases 
had a positive Widal, but it was said this patient had had typhoid 
fever 6 months previously. 

Since Van Cott and Lintz'® first reported the finding of embryo 
trichinae in the spinal fluid in vivo, many other 
have confirmed the observations. Apparently trichiniasis may 
present the clinical picture of acute meningitis and Meyer®' has 
pointed out that in cases in which the embryos have been found 
in the Spinal fluid the cell counts varied between 40 to 240 lympho- 
cytes per c.mm. His warning in this regard was that in such 
instances it might be difficult to differentiate between poliomyelitis, 
Avere it not for tlie presence of the embryos in the cerebrospinal fluid. 

There is considerable variation of opinion as to the presence of 
the parasites or embryos in the stools of patients suffering with 
trichiniasis. Most observers'® agree that the parasites or ova 
are not to be found in the stools. As early as 1864 Fiedler'® made 
the suggestion that the adult parasites were dissolved in the small 
intestine and therefore were not to be discovered in the stools. 
Van Cott and Lintz'® have expressed a similar view. Otlier writers'®’ 
50.61 .\yere of the opinion that the embryos were not to be found in 
the stools since they Avere not discharged into the lumen of the 
intestine. Stitt®® states: “During the diarrheal stage avc may ex- 
amine the stools for adult AA^orms, in particular dead males or possibly 
actiA^ely motile embryos.” Osier®' declares: “The worms may be 
found in the stools or in the duodenal contents.” Weiss®® has 
recently reported the finding of both the adult parasites and ova in 
the stools. Only 1 of our cases had a diarrhea at the time we saAV 
tlie patients but we were unable to demonstrate the ])resence of 
adult parasites or their embryos in her stool sjjccimens. The reviCAV 
of the literature suggests that the detection of tlie parasites or the 
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embryos is of infrequent occurrence and that therefore the exam- 
ination of the stools offers little diagnostic data as compared to 
other, more regularly dependable laboratory procedures. 

Summary. 1. Eleven recovered cases of trichiniasis in a family 
are reported. 

2. Marked eosinophilia was present in each case. 

3. A review of the literature, with reference to the diagnostic 
importance of eosinophilia, is presented. Attention is directed to 
the fact that eosinophilia is not a constant and infallible diagnostic 
criterion. 

4. A palpable spleen was noted in 4 of the 11 cases during the 
first 3 weeks of the disease; 6 months later 7 of 10 cases had a 
palpable spleen. 

5. A brief discussion of the symptomatology, clinical manifesta- 
tions and the diagnostic criteria of trichinosis is presented. 
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PRIMAEY ANGIOFIBROMA OF THE DIAPHRAGM. 
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General Hospital, Philadelphia.) 


As Lucke^ has shown, primary tumors of the diaphragm are rare, 
less than a score having been reported. All of these have been of 
connective tissue origin, namely, fibromas, chondromas, lipomas and 
sarcomas. The purpose of this paper is to report an additional case, 
that of an angiofibroma. 

Case Report. — J. S., a white male, aged 60 years, was admitted to the 
Tuberculosis Service of the Philadelphia General Hospital, November 12, 
1931. His history and clinical course were tj’picallj’- those of extensive 
pulmonary tuberculosis. Physical examination showed extensive involve- 
ment of both lungs and the sputum was positive for tubercle bacilli. No 
other findings of significance were noted. 

Roentgenologic reports were as follows: Both lobes of the left lung show 
considerable irregular density; two radiolucent areas are present in the left 
upper lobe; the left diaphragm is not visualized; the upper portion of the 
right upper lobe, especially in the infraclavicular region, shows marked 
irregular density, the remainder of the lobe being mottled to a lesser degree; 
the right apex also shows a radiolucent shadow; the heart is displaced to 
the left; in the anteroposterior view the mesial half of the right diaphragm 
is the seat of a large, well-defined shadow, the upper border of which is 
convex; the base measures 8 cm. (Fig. 1). On profile view, this shadow is 
somewhat rectilinear in shape, measuring approximateb'' 11 hy A cm.; it 
extends from the xiphoid dorsalward to a point just posterior to the mid- 
axillarj’- line (Fig. 2). Fluoroscopic examination shows this tumor mass to 
move synchronously with the diaphragm. Roentgen diagnosis: Extensive 
ulcerative fibrocaseous tuberculosis of left lung and upper lobe of right lung, 
with cavitation of both upper lobes; atelectasis of left lower lobe; neoplasm 
arising either from right diaphragmatic pleura or right dome of liver. 

Much discussion arose regarding the situation of the tumor. The major- 
ity ruled that its origin was below the diaphragm, although one of us felt 
that it laj'’ above. Tumor of the diaphragm per se was not considered. 

The patient grew progressive!}’' weaker and died December 5, 1931. 

Necropsy examination (No. 23,669) confirmed the clinical diagnosis of 
pulmonary tuberculosis. Aside from the tumor to be described below the 
gross examination showed no features of interest. 

The shadow described in the roentgenogram was cast b}’ a tumor bing 
beitucen the leaflets of the right dome of the diaphragm. It measured 
12 by 6 by 5 cm., was irregularly rounded and extremely firm. The cut 
surface showed a tough, grayish-white matrix, mottled by many roughly 
round hemorrhagic areas most marked near the center (Fig. 3). There 
was a depression in the posterosuperior surface of the right lobe of the liver. 
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thus forming a nest into which the inferior surface of the tumor fitted 
snugly. 

_ Sections were removed from a number of portions of the tumor and the 
tissues stained by azo-carmine, Heidenhain’s hematoxylin and by Mallory's 
connective tissue stain, in addition to the usual preparations. A deWte 
cajpsule was present. 'The bulk of the tumor mass was composed of loose 
(Fig. 4.-A) to dense interlacing bundles of fibrocytes that showed little 
growth activity (Fig. 4-C). Manj"^ areas had become acellular, varying in 
density from a delicate, lacy, fibrillar structure to dense, coarse collagen 
bundles. Some portions of the tissue were necrotic. The areas that had 
appeared hemorrhagic on gross inspection were seen in section to be masses 
of well to poorlj’' defined blood channels, closely packed and not wull mar- 
ginated by the fibrous tissue in which they lay. Many of the angiomatous 
masses were cavernous (Fig. i-B). The fibrous portions were quite vascular 
per se and contained some free hemorrhage. No muscle, cartilage or other 
tissue elements were present to suggest a teratoid nature of the tumor. 

Summary. A case of primary angiofibroma of the diaphragm 
is described. 
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Facial diplegia may occur in any form of multiple neuritis, 
althougli it is most frequently seen in that form of the disease 
produced by infections, of w'hich there is one wuth a special tendency 
to involve the seventh and other cranial nerves. Holmes^ and 
Bradford* observed cases of this form of polyneuritis during the 
World War; Yudelson® of Chicago and Viets'* of Boston wrote illumi- 
nating articles upon this condition, their papers appearing in 1927. 
Although polyneuritis is a fairly common condition, involvement 
of the cranial nerves is rather unusual, howmver if investigated 
more often, it ivould probably be found that tlie optic nerves 
are frequently affected. In many of the cases of the infectious 

* Road at the meeting of the Section on Medicine, College of Phyaicians, Phila- 
delphia, April 27, 1931. 



Fig, 1. — Roontgenogram (anteroposterior view). Note tumor mass projecting into 

right lower lung field. 
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type of multiple neuritis with cranial nerve palsies, there is a 
distinct ascending element to the paralysis which, beginning 
in the feet, involves rather rapidly the rest of the lower extrem- 
ities, then the upper and finally the face. This pictoe suggests 
strongly the syndrome called Landry’s paralysis. In most of the 
cases there is a history of a slight illness from 4 days to 6 weeks 
before the onset of the nervous symptoms. Pain in the back, head- 
ache, vomiting and fever from 100° to 101° F. were common symp- 
toms during the febrile stage. Then days or weeks later, in this way 
resembling very much the palsies that come on after diphtheria, 
the patient develops tingling and numbness followed by paralysis 
in 2 or 3 days. In many of the cases the weakness is greater in 
the proximal segments of the limbs, thus differing greatly from the 
distribution of the early paralysis seen in the ordinary case of 
multiple neuritis. In some cases described the patient was totally 
paralyzed at the shoulders and hips but could move the fingers 
and toes freely. Facial diplegia was almost constantly seen in 
Bradford’s cases, and he thinks because of the symmetrical weak- 
ness it may have been overlooked in others. The sphincters were 
involved in Holmes’ cases, whereas in Bradford’s series this did not 
happen. Complete recovery was often slow, taking as long as 
6 months. In Bradford’s 30 cases death occurred in 8, from 5 to 
12 days after the onset of the paralysis. The cause of death was 
attributed to weakness of the pulmonary muscles and the diaplmagm, 
although no case of massive collapse of the lungs was found. One 
of our cases had distinct respiratory embarrassment a few days 
after the onset. 

The microscopic examinations made by Holmes, Bashford® and 
Viets were directed largely to the central nervous system where 
minute and widely diffuse hemorrhages were present, especially in 
the spinal cord. Viets found the cells of the seventh nuclei normal 
in number but almost all with marked structural changes. They 
were swollen and distorted and many had lost their polygonal form; 
in addition chromatolysis was extensive with occasional displace- 
ment of the nucleus. Cells of the adjacent cranial nerves were 
ordinary, and sections tluough the pons and medulla showed no 
variation from the normal. Tluoughout the spinal cord in Viets’ 
case the vessels were markedly congested; no mention is made of 
the study of the peripheral nerves themselves. In Bashford’s report 
the only gross finding of importance was meningeal congestion with 
some edema of the brain and cord, which Bashford think^s may have 
been terminal or perhaps associated with respiratory embarrassment. 
Cross sections showed minute hemoriliages. On microscopic exam- 
ination the peripheral nerves showed an irregular involvement, most 
marked in the sciatics. The spinal cord revealed minute and 
widely diffused hcmorrliages in the dorsal enlargement, extensive 
and advanced interstitial cellularity in both cervical and lumbar 
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enlargements. The central neural canal showed considerable pro- 
liferation of the ependymal cells. The nerve cells of the various 
■ tracts, including both the anterior and posterior horns, were irregu- 
larly involved. Some of the specimens showed involvement of the 
posterior roots. Of the portions of the braih examined, all had a 
slight degree of round cell infiltration, most pronounced around 
the large antler cells of the cortex, and on the whole greater in 
the deeper than in the superficial gray matter. There was also 
pneumonia, and congestion of the liver, spleen and kidneys. 

Bashford successfully transmitted the disease from man to monkey 
and from monkey to monkey by subdural inoculation of an emulsion 
of the human cord of a fatal case and from the fresh cord of the 
first monkey to another and later by a pure culture. Wilson® iso- 
lated the organism and found it to be a minute, rounded or kidney- 
shaped body, measuring 0.2 to 0.5 n in diameter; he considers that 
it shows a marked resemblance to the globoid bodies described in 
anterior poliomyelitis. From the pathologic reports it will be seen 
that while extensive studies were made of the central nervous sys- 
tem, comparatively little attention was paid to the peripheral 
nerves, although the disease is reported as acute polyneuritis. The 
reports also make it very evident that while the brunt of the affec- 
tion may be borne by the peripheral nervous system, the central 
parts do not escape, in fact, they may be more involved than the 
peripheral. 

Patrick, '' in 1916, reported 3 cases of facial diplegia occurring in 
the course of multiple neuritis, in one of which there was a history of 
an acute febrile disorder previous to the onset of the neuritis. 

While it is true that most of the cases of polyneuritis complicated 
bj’’ facial diplegia are due to infections, they are not all due to the 
special infection mentioned above; facial diplegia may occur in any 
case of multiple neuritis no matter what the cause. For example, 
one of our cases about to be reported was apparently due to a com- 
bination of gonorrhea and pronounced dental infection. Occasion- 
ally facial diplegia may occur in the course of multiple neuritis due 
to alcohol. Before prohibition in this country, we saw on the 
service of Dr. W. G. Spiller at the Philadelphia General Hospital, 
a case of multiple neuritis in which facial diplegia occurred. The 
man had been drinking to excess of an extremely poor grade of 
whisky. 

Report of Cases. Case 1. — white, single girl, aged 17 3 'ears, with a 
negative past and familj'^ historj', was token ill on December 8, 1928, with 
an acute cold invohdng the upper respiratorj' tract and accompan^d by 
, fever and pain in the back of the neck. She was seen bj' Dr. H. ’ 

of Ardmore. Evidence did not exist of pulmonarj' involvement, and while 
the patient was uncomfortable she was not seriously ill. Three or 4 days 
after the onset she complained of numbness in the fingers and toes, anc 
these paresthesias gradually ascended the extremities, ^^ ith the appear- 
ance of tlie paresthesias in the extremities she noticed what slic callcf _ 
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a “stiffness” involving the central part of the face.^ Diplopia was not 
present and the ej'csight and hearing were normal. _ She had no headache 
but vomited twdee 2 days after the onset and was delirious on one occasion. 
The pupils were irregular, the left slightly larger; both reacted sluggishly. 
The ocular movements and those of the face, palate, tongue and Jaws 
were normal. The neck was slightly stiff and Kernig[s sign was present 
bilaterally. The deep reflexes were lost with the exception of the patellars, 
which were diminished. Plantar stimulation produced no response, whereas 
the abdominal reflexes were normal. A blunting of sensation for all forms 
was present in the distal portions of the extremities. The temperature 
had ranged from normal to 101° F. 

Clinical Course. Two days later she was reexamined and a double facial 
palsy and complete paralysis of the palate were noted. The paresthesias 
were more pronounced in the extremities and distinct but slight weakness 
was noted in the distal portions. All the deep reflexes were absent and 
the sensorj’" loss was more profound and covered a wider area in the extrem- 
ities, although sensation in the face was normal. She was transferred to 
the University Hospital on December 16, 1928, and Dr. Alfred Stengel 
saw her in consultation. The nose and throat examination at this time 
revealed that the left vocal cord was almost motionless while the right had 
only fair motility. A considerable amount of pus was present in the nose 
and the palate was congested, glazed and covered with thick, tenacious 
mucopus. By January 4, 1929, laryngeal motility had returned to normal 
and the pharynx showed evidence of returning function. _ A Roentgen ray 
of the sinuses revealed clouding of the frontal and ethmoids on both sides; 
some thickening of the maxillary mucous membrane existed, especially 
the left; the sphenoid cells were negative. The Wassermann reaction, 
examination of the urine and a blood culture were negative. A culture 
from the nose and throat showed a heavj’’ g^o^vth of staphylococci and 
streptococci but no Klebs-Loeffler bacilli. The temperature was elevated 
during the first 3 weeks of her stay in the hospital, but was usually below 
101° F. Quite severe pain developed in the feet, which also became weak, - 
more particularly in the extensors, and very tender to pressure. The 
hands also were weak and showed moderate wasting in the interosseous 
spaces. During the first 24 hours after her admission to the hospital dis- 
tinct respiratorj’- impairment occurred, but subsided. Moderate depression 
and intense insomnia were prominent sjmptoms for the first 3 weeks. 
She was discharged from the hospital on January 18, 1929, 44 days after 
the onset, in a greatly improved condition. Subsequently she made a 
complete recovery with the exception of slight persisting weakness with 
contracture of the lower part of the right side of the face. The deep reflexes 
returned much more quickly than after the ordinary case of multiple neuritis 
and became exaggerated, although positive signs of pjmmidal tract involve- 
ment were never discovered. 

A lumbar puncture was not done. 

Comment. This patient had what seemed to be an acute cold compli- 
cated by ethmoid and frontal sinus disease. In addition to the ordinary 
signs of poljmeuritis she had a double facial palsy, a complete paralysis of 
the palate, paralysis of the left vocal cord and weakness of the right. In 
addition she showed rather marked depression and insomnia. During 
convalescence the deep reflexes returned rather quickly and became exag- 
gerated, although Babinski’s sign was never found. The quick return of 
of the reflexes and later their exaggeration, we believe, points to the involve- 
ment of the pjTamidal tracts either in the cord or higher up. It is most 
likely that the cranial nerve palsies in this case were central in origin rather 
than peripheral. 
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Cask 2. — white, married woman, aged 41 years, was admitted to the 
neurologic service of the Episcopal Hospital on May 23, 1924. She had 
had 6 children, 5 of whom were living and rveU; she had had one stillbirth. 
Her last child was born 10 weeks before the onset of her present trouble; 
the birth was normal. The question of her use of alcohol was thoroughly 
investigated and it can be asserted positively that she did not use the drug 
at all. She did not have an acute febrile disorder after the birth of her 
child. Her cliief complaints were numbness, tingling and weakness in the 
hands and feet and inability to move the face. Her trouble dated back 
4 weeks when paresthesias appeared in the fingers and toes and, while 
gradually spreading upward in the lower extremities, did not go higher than 
the fingers in the upper extremities. A week after the onset she had diffi- 
culty in walking because of weakness. Her condition slowly became worse 
and one week before admission, or three weeks after the onset, she became 
confined to bed, and shortly thereafter her face became “stiff” and paralyzed. 
For. the first week she also had diplopia, the objects being placed side by 
side. She had no sphincter disturbance. 

Examination. The pupUs were equal, regular and reacted well to light 
and in acconunodation. Except for a weakness of the right internal rectus 
muscle all the ocular nen'es functioned well. Double vision was present 
when the patient looked to the left. A complete bilateral facial palsy was 
present with the loss of contraction of the muscles to faradism. The breath 
was hea'\'3' and offensive. The tonsils were small and buried and pronounced 
redness of the anterior pillars was noted. The lungs, heart and abdomen 
were normal. All of the deep reflexes were absent, the plantar reflexes 
were normal, but the abdominals could not be obtained. Lasggue’s sign was 
present on both sides. Slight contracture in flexion was jjresent at the 
knee joints. Bilateral foot drop was noted and a generalized moderate 
weakness wms present in the muscles of the lower extremities and in the 
uppers below the elbows. Pressure along the course of the nerves and 
laterally to the feet produced marked pain. She had no trouble in chewing 
or swallomng. Mentally she was irritable but showed no evidence of a 
psychosis. A Roentgen ray of the teeth showed what was described as a 
“huge bone abscess” involving the upper left central and lateral incisors 
and canine and a root abscess about the upper right canine. A number of 
examinations of the urine showed hyalin and granular casts and on two 
occasions the urine showed many leukocytes. Blood chemical studies, 
routine examination of the blood and spinal fluid (with the exception of 
the colloidal gold cunm which was 4432110000) and a culture of the_ throat 
for IClebs-Loeffler bacilli were all negative. A gynecologic examination 
revealed a chronic gonorrheal endocervicitis and urethritis. The vaginal 
and cervical smears showed many Gram-negative diplococci, both intra- and 
extracellular. 

This patient gradually improved so that .by August 4, 1924, she was dis- 
charged in good condition. The power had completely returned m her 
extremities and in her face, although she coiild not close the eyes tightly. 

Comment. This patient was reexamined in October, 1930, and was 
entirely well except for weakness in closing the right eye, and the loss of 
the deep reflexes. She was never as acutely ill as our first case. We believe 
the etiologic factors here were gonorrhea and dental infection. It is likely 
that most of the simaptoms in this case were due to peripheral nerve lesions, 
although the colloidal gold cunm pointed to central involvement. 

Case 3. — ^A colored female, aged 23 years, was admitted to the neurologic 
service of the Philadelphia General Hospital, Januarj' 3, 1928, ■mth the 
chief complaint of inability to walk. She was perfectly well until the latter 
part of August, 1927, when she began to suffer with severe, continuous 
headaches accompanied by chills and fever. In the middle of September 
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sl>e noticed tliat she was extremely nervous and had pains in her joints. 
About the middle of December her face “swelled,” became numb, and 
felt as if paralyzed. Then her legs became stiff and weak. Finding that she 
frequently fell, she remained in bed. Paresthesias developed in the hands, 
which at this time became paralyzed. Pain has been most severe in the 
hands, feet, loiees and the elbow joints. 

Her past medical historj'^ suggests that she was suspected at least to be 
syphilitic, because she was given 8 injections of neoarsphenamin at a 
hospital in January and Februar 5 ’' of 1927. Since that time she has had 
2 negative blood Wassermanns. In addition there have been recurring 
attacks of tonsillitis for a period of 2 years, and diphtheria was contracted 
4 years ago. One child born in March, 1927, is living and well. The 
patient has never had a miscarriage. 

Examination. A facial diplegia with inability to pucker the lips, laugh, 
close the eyes tightly or wrinkle the forehead was found. The pupils were 
slightly irregular, the right being larger than the left; the eyes otherwise 
were normal. The tonsils were large, cryptic and diseased. The extrem- 
ities showed bilateral fooV and vTist drop ivith inability to perform any 
motion whatsoever below the shoulders and hips. All of the deep reflexes 
were lost. No disturbance of sensation existed except extreme tenderness 
upon compression of fingers and toes and of muscles of arms and legs. 

The laboratory examinations revealed a negative Wassermann in the 
blood and spinal fluid. The colloidal gold curve was 0122233333; there 
were 21 cells per c.mm. of spinal fluid, and a trace of globulin. Blood 
chemical studies, blood count, throat smears and culture for Klebs-Loeffler 
bacillus, and urinalysis were all negative. A cervical smear was negative 
for the gonococcus. The optic disks showed pallor of the temporal sides. 
Reactions of degeneration were present and widespread in both the upper 
and lower extremities and in the face. 

Clinical Course and Outcome. This patient remained in the hospital for 
10 months. At the end of the second month her tonsils were removed; 
they were found to contain several pockets of pus. Following their removal 
the temperature, which had been slightly elevated, became normal and 
remained so. Power began to return in the face about 6 months after 
admission to the hospital. When she left she had slight movement in her 
fingers and toes but could not stand, walk, nor feed herself. Two years 
after the onset power had improved in her lower extremities sufficient to 
enable her to stand and walk. She was reexamined on March 11, 1931. 
The face had entirely recovered. All movements w^ere possible in the upper 
extremities, but there was some limitation of the motion at the metacarpo- 
phalangeal joints due to ankylosis. All movements in the lower extremities 
were possible, but extension of the toes and feet w'as not normal and the 
gait was of the steppage type. The muscles had not regained their full 
contour, but had improved greatly over the condition they w^ere in wffien 
the patient left the hospital. 

Comment. We believe the cause of tliis woman’s nervous disorder w^as 
an infection which probably was present in the tonsils; following their 
removal the _ temperature dropped to normal and remained there. No 
e^ddence of infection could be found in the blood or endocardium, and 
while there may have been a blood stream infection at the onset, laboratorv 
evidence of this could not be found. Careful cultures of the throat and 
tonsils were made in this as w'ell as the others for Klebs-Loeffler bacillus. 

On one occasion in the nervous w^ards of the Philadelpliia General 
Hospital we sa^v 2 cases of multiple neuritis wdio had done poorly 
for weeks. Cultures of the tlu-oat revealed Klebs-Loeffler bacillus 
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in both cases, and after injections of diphtheria antitoxin and the 
removal of the tonsils both eases recovered. 

Dii-cimion. It is quite clear from the examijiatioii of cases of 
so-called polyneuritis complicated by cranial nerve palsies or not, 
and from a review of the literatm-e on the subject, that there are 
many cases in which the central nervous system is involved as well 
as the peripheral. As far back as 1898, Mills® proposed the teim 
neuronitis for cases of this sort, although he said that it had an 
unnatural sound, even to a neurologic ear. Kennedy® and Brock and 
Ivimey^® have described cases under this title. In the discussion 
of the paper, “ On the Causation and Symptomatology of Multiple 
Neuritis,” by T. Grainger Stewart, “ S. A. K. Wilson said that the 
term “multiple neuritis” was a misnomer in many instances. He 
proposed that if no sensory symptoms were present the term neuron- 
itis should be used, but if the lesions were multiple polyneuronitis 
would be appropriate. 

Under the title of “Acute Ascending Paralysis Among Troops,” 
CasamajoH® described 2 cases comparable in many ways to those 
described by Bashford and others, and for which Casamajor hesi- 
tatingly proposed’ the term “Acute Infective Meningo-myelo- 
neuritis.” 

As “Myeloradiculitis, ” Strauss and Rabiner^® vTote about a group 
of cases that might readily fit in with those that have been taken 
up in this paper. Most of their cases had had infections involving 
the upper respiratory tract before the onset of the symptoms indi- 
cative of the involvement of the roots and cord. The most extra- 


ordinary thing about these cases was the rapid improvement. Two 
French authors, Guillain and Barre, described in 1916 a syndrome 
with symptoms indicative of lesions of the spinal roots and peripheral 
nerves, and in some instances with signs suggesting spinal cord 
involvement. In fatal cases they found inflammatory lesions of 
the nerve roots, spinal ganglia, spinal cord and peripheral nerves. 

Conclusions. Patients suffering from multiple neuritis occasion- 


ally have cranial nerve involvement, and the cranial nerve most 
frequently involved is the seventh. This may occur in ordinary 
multiple neuritis, which, as is well known, may be due to almost 
any toxic or infectious condition. Howe\'er, there is a special neuro- 
tropic infection which may be closely allied to that of epidemic 
encephalitis or poliomyelitis, and which may involve not only the 
peripheral, but also the central nervous systems. In this condition 
cranial nerve palsies are especially likely to be found, and when 
present are probably more often due to involvement of the central 
than of the peripheral nervous system. The 3 cases which form 
the basis of this paper all occurred in women and all were due to 
infections. Cases 1 and 3, especially 1, conform rather well to the 
infectious Uqie of polyneuronitis, "^ffiile Case 2 was also infectious, 
it seemed to bo due to a combination of gonorrhea and dental 


infection. 
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Con^vlslon exists in the nomenclature because of the various 
headings under which this disease has been described. Due to the 
fact that the organism has a tendency to localize in different parts 
of the nervous system, individual investigators have given various 
names to the disease, depending upon what particular part was 
involved pathologieally in their cases. Of all of the terms suggested 
to date, the most descriptive is that of Mills, 'hieuronitis.” 
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CEREBELLAR APOPLEXY.* 

By Joseph C. Michael 

ASSISTANT PROFESSOR OF NERVOUS AND MENTAL DISEASES, UNIVERSITY OF 
MINNESOTA, MINNEAPOLIS. 

(From the Department of Nervous and Mental Diseases, Minneapolis General 
Hospital, and Department of Pathology, University of Minnesota.) 

Hemorrhage and thrombosis are infrequently limited to the 
cerebellum. Postmortem observations indicate an impressively 
low incidence of cerebellar apoplexy. The purpose of this presenta- 
tion is to report 10 cases of hemorrhage in the cerebellum only, and 
to describe the clinical syndromes with their pathogenetic relation- 
ships. Two cases coming to autopsy at the Minneapolis General 
Hospital during 19.30 stimulated a search of the hospital files, which 
yielded records of but 3 previous cases verified postmortem. A 
review of the reports on all cases of cerebral hemorrhage on file in 
the Department of Pathology, University of Minnesota, lead to the 
finding of 5 more cases. Frequency as indicated by postmortem 
records is shown in Table 1. 

Taule 1. — Frequency of Cerebellar Apoplexy’. 

Number of cases. Per cent. 

Autopsy records in the Dept, of Path, from 1897 to 1931 17,257 

Cases of cerebral hemorrhage 1 112 Go 

Cases of cerebellar hemorrhage without coincidcntal- 

ccrcbral iicmorrhage 10 0.0058 

Read before the Section of Nervous .and Mental Diseases at the Eighty-second 
Annual Session of the American Medical Association, Philadelphia, June 10, 1931. 
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Case Abstracts. Case 1. — A-951, male, negro, aged 60 years, admitted 
to Minneapolis General Hospital August 16, 1909, complaining of a pain 
on the movement of Ins right leg and exhibiting evidences of senihti^ He 
had been imable to walk for 2 years. Died August 28, 1909. No other 
clinical data available. Autopsy: On section of the cerebellum, in right 
lobe near the worm,_ there is a firm grayish-yellow caseated mass which 
projects toward the right and measures about 1.5 cm, in diameter and 5 cm. 
in length. This is surrounded by a grajdsh-white thickened wall and in 
the middle of the pulp of the right lobe there is a hemorrhagic area contain- 
ing a thick, dark, fim clot about 2 cm. in diameter. Vessels at base of 
brain are tliickened and tortuous. Microscopic examination shows a large 
area of necrosis surrounded with thick capsule with connective tissue hj^per- 
plasia, dense lymphoid cell infiltration and occasional giant cells. Comment: 
Though available clinical notes are limited, the autopsy findings indicate 
that clinical course continued over 2 years and that death was not caused 
directly by the hemorrhagic lesion, which was well encapsulated. 

Case 2. — A-14-234, male, aged 51 years, baggageman at Union Depot, 
admitted to St. Paul City and County Hospital November 18, 1914. 
Except for slight cold and pain in back of head, was well until November 
11, 1914. Then he became too weak to work. Headache developed and 
vomiting persisted. On November 16, was found unable to talk; appeared 
drowsy. Breathing labored at intervals. Did not regain consciousness in 
the hospital. Examination on November 18, revealed thickening of all 
palpable arteries. ICnee jerks, 2 -f; Babinski and ankle clonus, bilateral; 
Achilles reflex, present on left side only. Exitus November 26, 1914. 
Autopsy: A large blood clot, 2 cm. in diameter, is found in left lobe of 
cerebellum. Circle of Willis and the other cerebral arteries show marked 
nodular tliickenings. Comment: Hemorrhagic focus is illustrated in Fig. 1. 
Onset with headache localized in occipital region, and vomiting and pros- 
tration, without loss of consciousness for the first few days, is quite typical. 

Case 3. — A-17-56, male, aged 73 years, admitted to h'linneapolis 
General Hospital Januarj' 15, 1915, with right hemiplegia of sjoastic tj^e. 
Clinical note, March 7, 1917 : “I feel about all in;" said both his legs were 
jerking. -He went to bed. At 11.00 p.m. he began to vomit Auolentlj". Did 
not speak, but could help himself. Fell asleep and this morning was found 
in stupor. Protrudes tongue slightly. Unable to answer questions. \Moans 
at times, especially when touched. Coughs. Pulse irregular, blood pressure 
165 sj'stolic and 108 diastolic. Left pupil slightly larger than the right and 
shghtly irregular in outline. Light reflexes absent. Right eye dewates 
outward. Right face smoother than left, right corner of mouth somewhat 
depressed. Right arm and leg very spastic. Right knee jerks rather active, 
left feeble. Babinski great toe sign positive on right, doubtful on left. 
Right abdominal reflex absent, left feeble. Wassermann, negative. March 
8, 1917, bloody spinal fluid removed under increased pressure. Pulse 
quite regular, 98, until 8.00 p.m. Breatliing became labored and patient 
died the next da 5 ^ Autopsy: Upon reflecting dura considerable quantity 
of bloody fluid is found to be present in the pia-arachnoid space. Upon 
sectioning the brain, all of the ventricles are filled with bloody fluid. There 
is a large hemorrhagic lesion occupying the center of the cerebellum. 
Comment: Patient presented an old cerebral hemiplegia for which he was 
receiving custodial care. Onset of cerebellar hemorrhage indicated by vio- 
lent vomiting. Lesion penetrated cerebellar parenchjuna to fourth ventricle 
within several hours after onset, followed by coma and early death. Signs 
of fonncr cerebral lesion complicated the neurologic picture. 

Case 4. — A-20-25, male, aged 55 years, admitted to jMinneapolis 
General Hospital Januar 3 ' 20, 1920, ha\'ing been found unconscious, tie 
had alwaj's been well preHouslj'. He did not regain consciousness at tlie 




Fig. 1. — Circumscribed hemorrhagic lesion, Case 2. 



Fig. 2. — Massive hemorrhagic lesion communicating with subarachnoid space. 

Case 7. 



Fig. 3.— Hcmorrliagic c-vtravasation to cerebellar cortex, Case 7. 








MICHAEL: CEREBELLAR APOPLEXY 


689 


hospital and died 14 hours after, admission, Antopsy: On removing 
brain 15 gm. of clotted blood are found escaping from left cerebellar fossa; 
Sectioning reveals large hemorrhage into left cerebellar lobe with softening 
of the parenchyma^ leaving only a shell, less than 1 cm. in thickness, sur- 
rounding the hemorrhage. The blood clot extends into the fourth ventricle. 
Blood tinged fluid is present in both lateral ventricles. Masses of blood 
clot are present in anterior horns. Bloodvessels show extensive nodular 
thickening; the greatest immlvement is along the middle cerebral arteries 
and the circle of Willis. Microscopic examination shows softening and 
hemorrhage; many esosinophils in parenchyma around hemorrhage. 
Covnneiit: Here we have represented the more fulminating tj'pe of syn- 
drome. The lesion, a massive one, allowed no interval to observe cerebellar 
signs uncomplicated by neighborhood involvement. 

Case 5.— A-20-362, male, aged 60 j'ears. At midday,, September 30, 
1920, he complained that he felt very sick. In going to his room he fell 
over a trunk. The housekeeper helped him into bed; patient could use but 
one arm. At 3.05 the following morning he was found dead. Autopsy: 
Tliere is little blood over the base of the brain which has escaped from a tear 
in the left lateral cerebellar hemisphere. The central part is occupied by a 
large blood clot. The hemorrhage communicates with the cavity of the 
fourth ventricle, filled %vith blood. Clotted blood found also in the aqueduct 
of Sylvius and in the third ventricle, and lateral ventricles contained fluid 
blood. The arteries over the base of the brain show no changes except in 
the posterior cerebral and cerebellar branches. These contained a large 
number of yellowish thickened intimal areas. Microscopic examination 
of organs shows hyalin degeneration in kidneys, spleen, etc. Comment: ^ 
Quite similar to Case 4, except that several hours intervened during which ’ 
patient was conscious. During this interval the signs of an acute cerebellar 
attack arc suggested by the available record of complaints. 

Case 6.— A-2G-1113, male, aged 65 years, merchant, was found dead. He 
was last seen alive in the afternoon of December 17 . It is reported that there 
had been recent nose bleeds. Autopsy: There are Ijlood clots in the sub- 
dural space of the left postcranial fossa and some free blood in the subarach- 
noid space over the base. There is hemorrhage and softening involving the 
entire central portion of the left cerebellar hemispheres with a tear of 6 cm. 
in diameter across the free surface. There is marked thickening and bead- 
ing of all the arteries over the base of the brain. Comment: ^mother 
illustration of quite sudden death caused by hemorrhage into the cerebellum. 

Case 7.— A-2S-223, male, aged 62 years, railroad laborer, admitted to 
St. Paul City and County Hospital July 6, 1928, complaining of dyspnea, 
headaches, pain in cardiac region and in his back, swelling of his hands, 
feet and legs— signs of cardiorenal failure. On afternoon of day following 
his admission, patient became very restless, severe headache developed 
and coma set in early that evening; his respirations became very labored 
and stertorous in character. He died at 1.30 p.m., July '8, 1928. Autopsy: 
There is an area of hemorrhage over one-half the surface of the right lobe 
of the cerebellum, and on cut section there is found to be a massive hemor- 
rhage in the right lobe of the cerebellum which has destroyed about one- 
third of the substance, and there is hemorrhage about 2 cm. in diameter in 
the left lobe of the cerebellum. The cerebral vessels show little evidence 
of sclerosis. Comment: Patient developed first signs of acute cerebellar 
invoh-cmcnt on the second day in the hospital. Restlessness and headache 
M'ere followed in 5 hours by coma and early death, probably due to the 
hemorrhagic penetration through cerebellar cortex. This is ‘illustrated in 
Fig. 2. 

Case S.— A-30-45, male, aged 62 3 ’ears, admitted to Minneapolis General 
Hospit-al !Mavch 1930. History of liigli blood pressure for some time. 
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There had been attacks of indefinite tj^ie, supposedly related to high blood 
pressure, which made him unable to hold his position of night watchman. 
He rather suddenly complained of heat and rose from his chair, then fell 
“into a heap.” He had not become unconscious. Attempted erect posture 
several times but failed. He complained of headache, dizziness and vomit- 
ing. Heart was enlarged to the left. Blood pressure was 205 systolic and 
120 diastolic. Neurologic examination at time of admission revealed pupils 
equal and normally reactive and a divergent squint. Mouth was pulled 
very slightly to the left side. Speech was mumbling and slurring. Tongue 
deviated slight^ to the right. Abdominal reflexes were more active on the 
right side. Muscle power in right arm seemed slightly reduced. No other 
signs of palsy; no sensory disturbances present. Reflexes presented no 
other changes. Vertigo persisted. Patient became more drowsy and con- 
tinued to vomit. Spinal puncture brought forth very blood}^ fluid under 
marked increased pressure. Temperature subnormal on admission, but it 
rose gradually to 103.8° F. prior to death. Blood pressure 180 systolic 
and 100 diastolic on second day. Pulse range from 70 to 120. Respiration 
22, gradual^’' rose to 32. Totally unconscious on 5th day, died on the 
following dajL Autcpsy: Lateral and third ventricles markedly distended. 
Right caudate nucleus presents a small pigmented cyst 5 cc. in diameter. 
The cerebellum is greatly softened and enlarged. It is pressed firmly 
against the aqueduct of Sylvius and causes apparently complete collapse 
of the aqueduct. Section through the cerebellum reveals large hemorrhage 
occupjdng most of the right lobe and about one third of the left lobe. There 
is a small amount of blood beneath the arachnoid in its inferior surface. 
The vessels at the base of the brain show no gross evidence of disease, 
although some in the peripheral areas are moderately atheromatous. 
Comment: Clinical course was suflSciently protracted to portray a fairly 
typical cerebellar syndrome. Brunt of lesion suffered b}’^ right lobe, but 
vermis and part of left lobe became involved, presumably by fairly rapid 
extension. The penetration through cerebellar cortex and pressme of the 
tumorous mass toward the brain stem explain the earlj^ fatal termination. 

Case 9. — A-30-735, 1 month old, patient of Dr. M. J. Lynch, born at 
St. Mary’s Hospital. Deliverj" normal. Nothing of note until the 10th 
dajL then began projectile vomiting and loss in weight. Child vomited 
after nearly every feeding for the following 3 days. At finst vomiting was 
projectile in character. Autopsy: The right lobe of tJie cerebellum is 
larger than the left, pushing the tentorium upward. The lateral ventricles 
are markedlj’’ distended with fluid. Cut section of the cerebellum shows a 
large clot of blood in the right lobe with softening in the adjacent areas. 
Other postmortem findings; (1) internal h3"drocephalus; (2) terminal 
bronchopneumonia. Comment: Though meningeal bleeding in the pos- 
terior fossa is relativelj”^ frequent in the newborn, massive hemorrhage 
into the cerebellum is decidedl}’ rare. In this case of an infant, projectile 
vomiting began on the 10th dajq prior to which date attending plq'sieian 
had noted nothing irregular. Signs of increasing intracranial pressure 
Avere evident, producing death 3 Aveeks after onset of first sj'mptonis of 
cerebellar attack. No deA'elopmental anomalj' could be established. 

Case 10. — A-30-1252, female, aged 42 j'ears, admitted to Minneapolis 
General Hospital August 22,. 1930, in coma Avith Chejme-Stokes respiration. 
The daA’ previouslj' patient began to complain of headache. She gradually 
became Aveaker and comatose 2.00 a.ai. the folloAving morning. Pupils ]nn 
point, did not react to light. Heart enlarged to left, .s 3 ’stoiic murmur 
heard at apex. Neurologic examination revealed pal.s 3 ' in right arm ana 
leg. She expired at 1 1 .20 the morning of the same da3'. Autopsy: Brain 
reveals an area of recent hemorrhage and softening, 2 cm. in diameter, in 
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i.lia ]efi, lateral lobe of cercbollinn, iin^oh'iiig the area of the dentate iniclcus. 
No degeneration in the eercl^ral arteries. Comment: Pathogenesis not 
deterinined. Nothing of a neoplastic character or developincntal anoinalj'- 
was noted. , 


Table 2. — Composite Summaiiy of Cases 1 to 10, Showing Age, Sex, Duration, 
Location and Extent of Hemorrhage, and State op Bloodvessels. 


Ago. 

Sex. 

Duration. 

Area chiefly 
involved. 

1 

Extent of hemorrhage. 

Degenera- 
tion of 
cerebral 
vessels. 

(1) 

60 

1 

; M. 

1 '■ j 

2 (?) yrs. 

Right lobe 

Circumscribed 

Yes 

(2) 

51 

M. 

15 days 

Left lobe 

Circumscribed 

Yes 

(3) 

73 

M. 

3 days 

Vermis and both 
lobes 

Into ventricular system 

Ytes 

(4) 

55 

M. 

14 hours 

Left lobe i 

Into ventricular system 

Yes 

(5) 

57 

M. 

15 hours 

Left lobe 

Into ventricular system 

Ytes 

(6) 

65 

M. 

Found 

dead 

Vermis and both 
lobes 

Into subdural space 

Yes 

1 

(7) 

62 

M. 

1 day 

Both lobes 

Into subdural space 

Slight 

(8) 

62 

M. 

6 days 

Right mainly, ver- 
mis and left also 

Into subdural space 

Ytes 

(9) 

1 mo. 

M. 

20 days 

Right lobe 

Circumscribed 

No 

(10) 

42 

P. 

1 day 

Left lobe 1 

1 

Circumscribed 

1 

No 


Historical. Sedillot* of Paris, France, was the first to report a 
case of cerebellar liemorrliage in 1813. Huss reported the first case 
in Sweden in 1842; Dimn in the British Isles, 1849; Schulz in Ger- 
inanj'-, 1854; and de Nasca in Italy, 1863. Childs- is the first Ameri- 
can author. Plis case was that of a girl, aged 19 years, whose symp- 
toms developed while amusing a child by shaking her head violently. 
Carion^ published a report of 7 cases of hemorrhage, and 1 of soften- 
ing; he referred to previous publications by well known 19th cen- 
tury ^ French neurologists : Andral, Hilliaret, Brown-Sequard, 
Ollivier, Raymond and others. His clinical obseiu'^ations were 
remarkably comprehensive and precise. Mills'^ demonstrated a 
brain presenting hemorrhage in the cerebellum, and by extension 
into the ventricular system, at a meeting of the Pathological Society 
of Philadelphia in 1889. Starr'* could find in the literature up to 
that time 27 cases diagnosed postmortem. While arteriosclerosis 
wtp recognized as a predisposing factor by early authors, other 
etiologic factors as trauma, epileptiform seizure, syphilis, diabetes, 
aneurysm and acute infection, referred to below, were made clearer 
in more recent times. However, the literature shows a notable 
paucity of reports concerning apoplectiform cerebellar disease. 
This applies even more to thrombosis than to hemorrhage. Though 
relati\ el^ small foci of softening are not infrequently encountered 
in postmortem examinations, the more massive and isolated throm- 
botic lesion producing the unique clinical syndrome of cerebellar 
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involvement followetl Ijy death is stili more uncommon than isolated 
hemorrhage.* 

Symptomatology. Three types of syndromes characterize the 
symptomatology and course: (1) Fulminating; (2) grave; (.3) 
benign. 

In the first type there are no premonitory signs or, at the most, 
patient utters a brief cry and places his band at the nape of the 
neck. He falls over and death is practically instantaneous. Some 
patients are found dead. In the presenl series of cases reported 
there Avas but one belonging to the fulminating type. 

Cases of the second type have an onset less abrupt. Premonitory 
symptoms are frequently determinable. Tliese are severe occipital 
pain, sensation of turning, nausea, vomiting, increasing feeling 
of prostration and inability to stand upright, irregularity of pidse, 
labored breathing and rotation of the head away from the side of 
lesion. Pupils are contracted and fixed. Rigidity of neck and 
Ivernig’s sign may be present.® Location and extent of the hemor- 
rhagic lesion are not uniform, hence the rapidity and degree of 
development of symptoms vary. Impairment of consciousness may 
be noted within a few minutes' or may not be present until some 
hours or more later. Sometimes relatively early drowsiness is fol- 
lowed by lucidity until terminal coma sets in. Spinal puncture 
yields a bloody fluid. Inasmuch as the brunt of the lesion is more 
often confined to one lobe, it is possible to make out, in patients 
who are able to cooperate, the syndrome of unilateral localization. 
In addition to signs of dyssynergia involving arm and leg of the side 
of the lesion, one notes in some cases a dysarthria, and nystagmus 
is present as a rule. Divergent squint is frequently observed. 
Asynergia, nystagmus and vertigo have the tendency to persist 
while the patient is conscious. Signs of pjuamidal tract involvement 
are notably absent. Tonic or clonic convulsive attacks occur 
infrequently. Labored breathing, irregular and rapid pulse, rise 
in temperature and coma precede exitus. 

In cases of the benign type we find the premonitory signs men- 
tioned above less constant and less pronounced. Quite likely, a 
goodly number of these cases are undetected antemortem. If the 
expected circumscribed lesion is relatively small, the cerebellar 
symptoms are minimal. The larger lesion produces signs of increas- 
ing tumor in the posterior fossa ending in early death. 

In reAueAving the symptoms we can note that the fulminating 
sjmdrome offers practically nothing characteristic of the cerebellum 
itself, nor eA’^en of the posterior fossa. Antemortem localization is 
practically impossible in all these cases. _ . 

Referring to the second or graA-e syndrome, a Amriable tram o 

* Following the wTiting of this report I had a case of cerebcllomalacia 
major signs of brain stem or corebrai lesion which came to autopsj' at he. . ■ O 
Hospital. 
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symptoms become manifest to tlie clinician. Posterior fossa insult 
is clearly indicated. Headache, vertigo and asthenia at the time 
of onset are attributable to initial circulatory disturbance. Irregu- 
larity of pulse and respiration signify neighborhood medullary 
involvement. Nystagmus and deviation of the eyes suggest an 
irritative or destructive process in the roof nuclei or vestibular 
fiber tracts. Rigidity of the neck and ICernig’s sign, if present, 
point to menigeal irritation. Loss of power in individual muscle 
groups and objective sensory disturbances indicate, if present, 
neighboring brain stem involvement. Focalized cerebellar involve- 
ment is shown by impairment of the fundamental cerebellar func- 
tion; synergia, defined as “the power by which movements more 
or less complex, but functionally definite, are associated in special 
acts.”'' 

Disturbances of equilibrium, incoordination, dysdiodochokinesia, 
dysmetria, lateral nystagmus, dysarthria, turning of head away 
from the afi'ected side, noted in some cases of cerebellar hemorrhage, 
belong to the asynergic category. In the. grave type the vermis 
does not escape involvement. Extracerebellar signs are, after all, 
prominent. Many of the premonitory signs point to neighboring 
posterior fossa structures, whereas the late signs include those 
of hritation and distention of the ventricular and subdural cavities. 
McCollum® calls attention to hyperglycemia as a possible symptom 
of grave cerebellar hemorrhage. 

The benign type tends rather to offer a possible recognition of the 
so-called pure cerebellar syndrome. Here a varying picture of 
dyssynergia, uncomplicated by neighborhood signs, tends to obtain, 
for the hemorrhagic lesion is small and circumscribed. Impairment 
of synergia persists In these cases. This persisting- impairment is 
suggested in Case 1. It is indicated in Schaffer’s case.® 

Pathogenesis. Bloodvessel disease is the common primary factor. 
Arteriosclerosis with hypertension is found in a majority of the 
cases. Syphilitic arteritis is not infrequently accountable. Dia- 
betes may explain a hemorrhagic lesion in the cerebellum in young 
persons.'® Birth trauma producing^ a rupture of the tentorium 
cerebelli near the anterior extremity of the strait sinus is followed 
by cerebellar venous hemorrhage. This instance is suggested in 
Case 9. Postnatal traumatic hemorrhage caused by direct injury 
to the cerebellum is extremely rare. An illustration of hemorrhage 
into cystic cavity following head trauma is indicated in Hird’s 
case." Andre-Thomas'® reported 2 cases of hemorrhage following 
head injury. There were no others in a series of 4076 head wounds 
observed during the World War. There have been but few cases 
resulting from injury sustained in boxing and in violent exercising, 
c. (]., the case of Hoffman.'® Aneurysmal hemorrhage is also most 
rare’, Hamilton’"' found 4 in a series of 86 cerebral aneurvsms. 
Acute arteritis developing m the cour.se of an acute infectious dis- 
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ease is known to have produced cerebellar hemorrhage. Epilepti- 
form seizure figured in a patient without arterial disease^ in the 
case reported by Tliyne^® and was followed by the grave type of 
cerebellar hemorrhage. Alcoholism and epilepsy were associated 
in Boldt’s case.*® 

An explanation for the rare incidence of cerebellar hemorrhage is 
suggested by the liberal anastomosis of bloodvessels of both sides 
in the median of vermis; this area is most rarely the focus of vessel 
rupture. Lacunar disintegration, while relatively common in the 
senile cerebrum, is much less pronounced in the cerebellum. The 
artery to the dentate nucleus resembles the lenticulostriate artery 
of the cerebrum in that it is as a rule involved in cerebellar hemor- 
rhage; this arteiy is a branch of the external branch of the superior 
cerebellar arterjL Multiple hemorrhagic areas have been noted. 
A small and relatively benign hemorrhagic focus or softening may, 
of course, be followed after an interval by a severe hemorrhage. 

Syndrome of Cerebellar Apoplexy. It is apparent from the fore- 
going that it is not possible to define one syndrome which will 
characterize all cases. As a general rule it can be stated that in 
those cases where recognition of identifying symptoms and signs 
is impossible, the course is brief and fulminating. In the absence 
of coma, correct antemortem diagnosis is possible. 

Premonitory signs: severe occipital pain, sensation of turning, 
nausea, vomiting and feeling of intense prostration, point to cere- 
bellar localization. Signs pointing to the nonequilibratory, as 
well as to the equilibratory dyssjmergias, are tj-pical. The absence 
of sensory and pjwamidomotor involvement, and retention of 
mental integrity at time of onset, is characteristic. 

Summary. 1. Postmortem findings and clinical notes of 10 cases 
of hemorrhage into the cerebellum only are reported. 

2. The history, symptomatology and pathogenesis of the condi- 
tion are discussed. 

3. Postmortem statistics indicate an extremely low incidence 
rate for isolated cerebellar hemorrhage, and even more so for 
thrombosis. 

4. Clinical syndromes of cerebellar apoplexy are described and 
diagnostic criteria outlined. 
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SPONTANEOUS BILATERAL PNEUMOTHORAX. 
With Report of a Case and Review of Literature, 
By B. T. McMahon, M.D., 

ASSOCIATE PHTSICIAN, LOOMIS SANATORItTM, LOOMIS, N. Y, 


Spontaneous bilateral pneumothorax is very rarely observed, 
altliougli probably it occurs more frequently than is reported. 
Generally, it is a complication of evolutive pulmonary tuberculosis, 
tliougli it may follow several other conditions. Less than 50 cases 
have been reported in the literature. 

Owing to the rarity of spontaneous bilateral pneumothorax and 
to the fact that American literature on this subject is rather meager, 
it should be of interest to report the following case to which is 
appended a short summary of the literature with bibliography. 

Case Report. On July 16, 1929, Dr. R. S. Breakey, Monticello, N. Y., 
referred to the ^omis Sanatorium a white man, aged 27 years, for con- 
sultation regarding a pneumothorax involving his left liemithorax. About 
the end of June, 1929, he developed a common cold while in the pursuit of 
Ins occupation as traveling salesman. The sjTnptoms were pharyngeal 
irritation, slight nasal catarrh and later a rather irritating cough with 
slight frothy expectoration. There was no sudden pain nor feeling of 
weakness, faintness, d 3 'spnea nor tightness in the chest. His appetite was 
good; he did not feel feverish nor unduly fatigued. He remained active, 
but liis sjunptoras gradually got worse; his cough and exiiectoration in- 
creased and the latter became quite “pblegmy” in character; fatigue became 
more noticeable and in the evening he felt flushed and feverish. Oh June 2S, 
1929, he went to bed and called in a doctor, who found liis temperature 
102 r. (mouth). After a week of bed rest his temperature became normal 
and cough and cxiiectoration diminished. On July G, 1929, he first became 
conscious of a dull pain in liis left midchest anteriorly. The pain was aggra- 
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vated oii deep breathing but was not accompanied bj' conscious dyspnea. 
He was in bed at tlie time, and does not recall an}' undue strain. Dr. 
Breakey suspected spontaneous pneumothorax and a Roentgen ray examin- 
ation established the diagnosis. Between June 25 and Jidy 16, 1929, he 
lost about 10 pounds in body weight. At the time of examination on July 16, 
1929, he felt fair; appetite and digestion were good and he slept well. He 
had cough and a moderate amount of muco-purulent sputum. He was not 
dyspneic. He had a dull pain over the left anterior midchest which was 
aggravated on movement, but not on deep breathing. 

Of interest in his past history was an undue susceptibility to colds dating 
from childhood. The symptoms were cough and expectoration, malaise 
and slight fever; never any blood spitting. Since 1926 these attacks were 
accompanied by pain in the chest. The pains were not very severe and 
were of a duU, rather than of a sharp stabbing character, and localized over 
the upper anterior quarter of both lungs; during a given attack the pain 
was chiefly unilateral, but the same side was not always involved and he 
could not say which side was more frequently affected. In 1924 he had 
influenza; the symptoms were fever (maximum 103° F., mouth), malaise, 
general aching over the body, cough and expectoration, but no hemoptysis. 
He was in bed 3 or 4 weeks and convalescent for a month. There was no 
history of allergic diseases. He married in Februar}', 1924; his wife is in 
good health; there are no children. 

Physical examination showed a moderately undernourished and frail- 
looking man (weight 54.6 kg. — standard weight 73.9 kg.), slightly stooped, 
rather nervous apprehensive look, breathing easil}'. _ His fingers _ were 
slightly clubbed and the nails showed longitudinal striations but no pitting 
of the nail beds. The thorax was long and slender and movement on the 
left side was less than on the right. There was no bulging and the only yis- 
ible pulsation was in the left fifth interspace internal to the_ nipple line. 

0\'er the right lung the percussion note was of good quality. Breath 
sounds were slightly exaggerated throughout. Below the eighth spine, 
extending to the posterior axillary line at the tenth spine, there wqre fine 
and medium rales following cough. Over the left lung the percussion note 
was hjqjerresonant throughont, more so in the axilla. Breath sounds were 
duninished to suppressed throughout, anteriorly; audible, but diminished 
throughout, posteriorly. There was no succussipn splash or shifting dullness, 
metallic tinkle or coin sound. There were no idles. 

His teeth and gums were in good condition. The phar 3 mx was injected. 
The right naris showed slight hypertrophy of the middle turbinate and 
slight delation of the septum to this side. The left middle turbinate was 
moderately hjiiertrophied. He had no sense of smell. In the larjmx the 
true cords were uniformly pink to red in color. There was no ulceration 
or destruction of tissue. The changes amounted to slight catarrhal 
laryngitis. 

The apex beat was in the fifth inte^ace, 7 cm. from the midsternal line. 
The organ as a whole was slightly displaced to the right. The pulse was 
regular in force and tension, but of small volume. The blood pressure was 
systolic, 100; diastolic, 68. Physical examination was otherwise negative. 

Fluoroscopic examination revealed the left lung to be about 50 per cent 
collapsed and there was a very small amount of flmd in the costoplircmc 
sulcus. The heart and mediastinum -were slightl}' displaced to the right, 
particularly on expiration. There was no evidence of gross parenchymal 

lung changes. • i ti r 

Stereoscopic roentgen ray fihns of the chest showed in the right lung that 
the markings throughout were intensified; the descending trunks were 
heavily studded; the mediastinum and heart were slightly deviated to this 
side. On the left side there was a hydropneumothorax with a very small 
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amount of fluid in the costophrenic^sulcus; the lung was about 50 per cent 
collapsed, free of adhesions, and there was no evidence of cavity or gross 
pathology in it. . . 

lie had 20 cc. of muco-purulent sputum in 24 hours. Tubercle bacilli 
could not be demonstrated in it either on direct smear or after digestion 
and concentration. Seven cubic centimeters 6f digested sediment from 
45 cc. of sputum were injected into a guinea pig on July 18, 1929. The 
animal was killed on October 22, 1929, and at the postmortem examination 
there was no evidence of tuberculosis. The Kahn test and tuberculosis 
complement fixation were negative. 

The patient was kept at bed rest except for bathroom privileges. _Tlm 
rMes audible on admission over the base of the right lung cleared up witliin 
the first 2 weeks. During sanatorium residence the temperature range was 
within normal limits. At each weekly fluoroscopic examination progressive 
reexpansion of the lung was noticed. On August 13, 1929, the pneumo- 
thorax space was limited to the area above the second rib. 

On August 16, 1929, he noticed he was unusually dyspneic and com- 
plained of a feeling of fullness in the chest. These symptoms appeared 
without apparent cause and he had not consciously strained or exerted 
himself in any way. Tliis called for fluoroscopic examination which showed 
the right lung to be about 80 per cent collapsed and a small amount of fluid 
in the sulcus. Attention was focused on the collapse rather than the side, 
and it was presumed it was still the left lung that was involved. Subse- 
quent events showed that this was probably an error, because on physical 
examination on August 29, 1929, signs of pneumothorax were found over 
the right side and the only abnormality over the left chest was exaggerated 
breath sounds. On fluroscopic examination a right-sided pneumothorax 
was demonstrated with the lung about 60 per cent collapsed and a small 
amount of fluid in the sulcus. Roentgen ray examination on August 30, 
1929, showed a hydropneumothorax with the lung 50 per cent collapsed 
and apparently free of adhesions. There was a very small amount of fluid 
in the costophrenic sulcus. There was no significant change in the paren- 
chyma of the partially coUapsed lung and no evidence of cavity. The 
diaphragm was shghtlj'' depressed and the heart and mediastinum just a 
little displaced to the left. The left lung showed a pneumothorax with a 
very tiny amount of air overlying the apex. This would probably be 
overIooked_ without knowledge of the previous films. The patient was 
kept at strict bed rest and fluoroscoped once a week, being transported to 
the fiuoroscope some 20 yards away from his room on a stretcher. Twenty 
cubic centimeters of fluid, which was practically all that was present, were 
aspirated from the right costophrenic sulcus. It was yellow in color and 
slightly purulent. Examination of smears by Ziehl-Neelson and Gram 
methods were negative. Cytologic examination revealed some polymorpho- 
nuclears. Culture on dextrose broth was negative after 48 hours. It was 
cultured on potato and potato-egg media, but negative for tubercle bacilli. 
On September 3, 1929, 6 cc. of the untreated fluid were inoculated into a 
guinea pig. The pig was killed on November 16, 1929, and at the post- 
mortem examination there was no evidence of tuberculosis. 

Reex-pansion took place gradually and on September 30, 1929, fluoroscopic 
and Roentgen ra 3 ’ examinations showed both lungs were completely re- 
expanded and there was no evidence of gross pathology in them. The 
patient was allowed to sit up and by easj’^ steps worked up to increased 
exercise. At the time of his discharge on October 20, 1929, he was leading 
a normal life and apparentty well. In response to a questionnaire, he replied 
on November 6, 1930, that he was in good health and working fuU time 
since leaxdng the sanatorium. 

Comment. The absence of evidence of clinical pulmonary tuber- 
culosis on physical and Roentgen ray examinations, together xvith 
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failure to demonstrate tubercle bacilli in tlic sputum or pleural fluid 
on smear, culture or animal inoculation, rules out tuberculosis as 
an etiologic factor in this case. As there was no obvious cause for 
the collapse it must be classified as benign or idiopathic pneumo- 
thorax. 

Discussion of Literature. The etiology of spontaneous (idiopathic) 
pneumothorax is still very obscure. It may occur without any 
immediate appreciative cause or in the course of a more or less 
violent effort in a patient up to then apparently well. The gaseous 
effusion in the pleural cavity may dissipate rapidly without any 
complications or sequelre or, rather exceptionally, it may provoke 
a slight pleural exudate (as in the author’s case) which is usuallj^ 
absorbed. The condition, however, is not always benign when non- 
tuberculous; in an occasional case there may be much pain, dyspnea 
and syncope with a fatal termination. 

Spontaneous bilateral pneumothorax is mostly a sequel of evolu- 
tive pulmonary tuberculosis. It is said that aliout 58 per cent of 
the cases are of this type. It may also be a sequel of well character- 
ized emphysema and about 16 per cent answer to this type. Some 
cases apparently arise as a complication of traumatism and a few 
in association with cancer metastases. 

Hainaux,^ in his thesis (1913), collected 14 cases from the French 
and German literature of fatally terminating spontaneous bilateral 
pneumothorax as complications of evolutive pulmonary tuberculosis. 
The cases reported by Meyer,* Marshank,* Gray'* and Bourne® were 
of this tjqie also and terminated fatallj’’. Hazen’s® patient recovered. 

The cases of Recamier,’' Hayashi® and Massini and Schonberg* 
were complications of emphysema and ended fatally. Emerson’s*” 
fatal case followed asthma. 

Elte,** Leclerc,** West,*” Goodhart,** Hawes,*® Mills,*” and Atwood** 
reported cases of spontaneous bilateral pneumothorax following 
traumatism with recovery. Benedict*® reported 3 cases with 
recovery. 

The cases of Briggs,*” Fleischmann,*” Radek** and Borchard- 
were associated apparently with cancer metastases and ended 
fatally. 

Olbrechts”” distinguishes between simultaneous and successive 
spontaneous bilateral pneumothorax. By simultaneous spontaneous 
bilateral pneumothorax he designates an entrance of air into both 
pleural cavities either at the same time or into the second cavity 
liefore the pneumothorax in the first is absorbed. The first eventrial- 
ity Obrechts says is extremely rare; he could find no categorical 
example of it reported in the literature, at least as far as concerned 
bilateral pneumothorax neither, attributable to tubereulosis nor 
traumatism. By successive spontaneous pneumothorax Olbrechts 
indicates a spontaneous pneumothorax which occurs first on one 
side and then, later, the occurrence of a spontaneous pneumo- 
thorax on the other side. If the second pneumothorax occurs ver> 



mciMaiion: spontaneous bilateral pneumothorax 699 

soon after the first and loMh the latter is still unahsorbed, it is a 
spontaneous bilateral pneumothorax. It is impossible to tell, when 
a patient presents himself with a bilateral pneumothorax, whether 
both occurred at the same moment or ivhether they ivere immedi- 
ately successive. In the absence of absolute proof such a case must 
be considered as one of spontaneous bilateral pneumothorax. Some- 
times there is an alternating recurrence of the pneumothorax in one 
pleural cavity or the other. Sometimes the interval between the 
successive appearances is very long. In Attwood’s^^ ease a man 
shoAved a left spontaneous pneumothorax at the age of 37 years 
and, 23 years later, developed a right spontaneous pneumothorax. 
Olbrechts mentions 2 cases, reported personally to him by colleagues 
Dr. Pauporte and Dr. C . . . (sic), in which the interval between the 
right and left spontaneous pneumothoraces was 3 years in each case. 
In both of these cases the original unilateral pneumothorax appears 
to have developed following a bronchopneumonia. 

Simultaneous spontaneous bilateral pneumothorax is uncommon 
and most likely to be met with in traumatic cases. In Elte's case 
a young man developed a right spontaneous pneumothorax following 
a traumatism. Taa^o days later he developed a left spontaneous^ 
pneumothorax. There was no evidence of tuberculosis. He made 
a rapid recovery. The case of LeWald^^ was of the same type, the 
second pneumothorax appearing 8 days following the first, which 
was accentuated at this time. 

The great majority of cases of spontaneous bilateral pneumothorax 
are, however, of the successive type. Watson and Robertson’s-^ 
2 cases are more or less tjqiical of this tjq)e. In the first case, that 
of a young' man, aged 23 years, the condition was seen to be a 
spontaneous left pneumothorax. This was followed C months later 
by crises due sometimes to a right and sometimes to a left spon- 
taneous pneumothorax. This condition of alternating left and right 
pneumothorax continued for some years with an apparent recovery. 
There ivas neither clinical nor radiologic evidence of tuberculosis. 
In the second case a young man developed symptoms of right pain 
and dyspnea. Radiography showed a total right spontaneous 
pneumothorax. A month later radiography disclosed a partial left 
pneumothorax. There was no evidence of tuberculosis. Grashey’s-« 
case was much the same. 

Most of the traumatic cases are of the same kind. In Leclerc’s'- 
case a young man developed a left imeumothorax 3 weeks after a 
traumatism. A right pneumothorax developed 2 months later. The 
man made a rapid recovery. 

Wilson^' reported a case of successive spontaneous bilateral 
pneumothorax with a month’s interval between the pneumothoraces 
on the two sides. There was no cvideiice of tuberculosis. The man 
recovered. 

A few very unusual cases should be mentioned. In Bourne’s^ 
case the patient was an infant. Bilateral pneumothorax was found 
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at autopsy resulting from a miliary tuberculosis. In Scheltema’s-* 
case the patient was a child, aged 7 weeks, who, since birth, showed 
respiratory difficulty. Examination showed congenital deformities 
of the left hemithqrax; heart displaced to the right; left diaphragm 
depressed, and bilateral pneumothorax. The condition suggested 
agenesia or aplasia of the lungs. 

Little need be said regarding the etiology of sjmntaneous bilateral 
pneumothorax, as there is no definite agreement concerning it. 
Many consider that the rupture of a superficial tubercle is the 
cause of the lung rupture, but the absence of evidence of clinical 
tuberculosis and the significant fact that in the literature there has 
been no case recorded of this tj^ie in which pulmonary tuberculosis 
subsequently developed, is strong evidence against this view. In 
our own case the history of repeated colds and chest pains suggests 
the probability of a bilateral localized emphj'-sema, although it 
could not be demonstrated clinically. 

LeWald has advanced the theory that bilateralism of pneumo- 
thorax may occur from the passage of air from the right to the left 
pleural cavity across an orffice of the mediastinmn. Fistulization 
of the mediastinum in the course of therapeutic pneumothorax has 
'been reported and perforation of the mediastinum may probably 
occur when tuberculous ulcerations exist, but outside of such cases 
it seems hard to believe that LeWald's suggestion could be sub- 
stantiated, more especially in nontuberculous cases. Bedford and 
Joules-® reported a nontuberculous case (much like my own, except 
that there was no history -whatever of any preceding disease) with 
recovery. They also suggest the possibility of leakage through the 
mediastinum or possibly some communication between the two 
pleural cavities. 

The same may be said in regard to the theory of vicarious emphy- 
sema put forward by Elte. 

Olbrechts think's that it is more logical to admit that the bilateral 
pleuropulmonary rupture, Avhen it is not the result of a simple 
coincidence, depends upon an anatomic disposition either congenital 
or acquired, which entrains a more or less marked fragility to the 
surface of the lungs. 

Consideration of the literature suggests that cases of spontaneous 
bilateral pneumothorax associated with pulmonary tuberculosis 
usually end fatally. The association with emphysema or asthma is 
not necessary fatal and some of these patients recovery. Patients 
developing bilateral pneumothorax following trainnatism and tlic 
so-called idiopathic cases usually completely recover. In general, 
the prognosis is favorable in nontuberculous spontaneous bilateral 
pneumothora.v. In Me3''er’s patient spontaneous collapse took 
place on four occasions, each following the exertion of the coitus 
and the last one proved fatel. 

Conclusion. A case of benign or idio]-)athic bilateral pneumo- 
thorax with recovery is reported, the rupture of the second huig 





Fig. 1. — July 23, 1929. Spontaneous pncumothora.’c on the left with a small 
amount of fluid in the costophrenic sulcus. Right lung clear. 



— ■'August 30, 1929. Spontaneous pneumothorax on the right side -nith 
fluid in the costophrenic sulcus. Recxpansion of the left lung is incomplete. 



Fig. 3. — September 30, 1929. Both lungs fully reespanded and apparently clear. 
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taking place before the complete reexpansion of the first so affected. 
The case may, therefore, be classed as simultaneous spontaneous 
bilateral pneumothorax according to Olbrechts' classification. 

The literature of the subject is reviewed, 
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RESPIRATORY MEASUREMENTS AS AFFECTED BY SMOKING 
AND BY ATHLETICS. 

By F. C. Turley, M.D., 

AND 

T. R. Harrison, M.D., 

NASHVILLE, TENN, 

(From the Department of Medicine, Vanderbilt University, Nash^dlIe, Teim.) 

Despite the widespread use of tobacco there is very little accurate 
information concerning its effects on the human organism. The 
pharmacologic actions of nicotine are well known but data as to 
whether chronic smoking changes the functions of the smoker are 
extremely few. There is no doubt that a person who is unaccus- 
tomed to tobacco may suffer unpleasant effects from his first indul- 
gence. Certain authors (Dixon^ state that smoking may cause 
hj^peracidity, and others believe this habit to be an important 
predisposing cause of peptic ulcer (Moynihan,^ Harris.®) Other 
writers stress the importance of tobacco as a cause of palpitation 
and cardiac arrhythmias (Williamson,^-Poulsen,® Sollman,® Dixon^) 
Tobacco has been stated to be a cause of angina pectoris. Mosch- 
cowitz^ has reported 4 cases in which it seemed likely that such was 
the case. On the other hand Johnson,® who studied a fairly large 
series of cases, stated: “It is doubtful whether tobacco plays a 
major r61e in the etiology of angina pectoris.” Jolmson failed to 
note any difference in the blood pressure of smokers and abstainers. 
He believed that the chief effect of smoking was local, on the pharjmx. 

There seems to be a general impression that smoking "hurts the 
wind.” Most athletic coaches and trainers forbid tobacco. So far 
as we know, comparative observations on the ventilation of smokers 
and abstainers have not been made. We have undertaken such 
studies with the idea of determining whether' persons who smoke 
excessively are more short-winded than individuals who do not 
smoke. 

Method. In a previous publication® a method of expressing 
dyspnea quantitatively^ has been described. This method depended 
on the general principle that an individual begins to feel short of 
breath when his actual ventilation becomes more than a certain 
fraction of his maximum ventilation. (In subjects with respiratory 
obstruction this principle is not valid.) The actual ventilation can 
be readily measured and the maximum ventilation in any given 
time is obviously proportional to the maximum ventilation for one 
breath, or in other words, to the vital capacity'. In accordance with 
this principle it was shown in a series of measurements on normal 
subjects and on patients during various degrees of exertion, that the 
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degree of respiratory distress was proportional to the expression 

— It was shown also that obese individuals had higher 
vital capacity. 

and thin subjects lower values for this quotient than did individuals 
of average nutritional state. In order to “correct” the values for 
such variations in weight it ivas necessary to have a “weight factor.” 
It was shown by studies on groups of normal individuals of different 
physical makeup that the following formula was adequate for this 
purpose: 

Ideal weiglit 

Ventilation ^ 

V 

Vital capacity 


Actual weight 


For the sake of simplicity the value arrived at by the above formula 
was called the Ventilation Index. 

The exercise consisted of walking up, across and down from a plat- 
form 2 steps high at a given rate of speed for 2 minutes, the expired 
air being collected during the time and during the subsequent 6 
minutes. In the original study observations were made on the 
ventilation during and after 4 different degrees of exertion, these 
consisting respectively of 6 (Exercise I), 12 (Exercise II), 16 (Exer- 
cise III) and 24 (Exercise W) “round trips” in the 2-minute exercise. 
In the present study observations were made only of the second and 
fourth of these exercises, the former rather mild and about equal 
to walking at an ordinary pace, the latter being approximately 
equivalent to a slow run. Further details of the method are given 
in the paper® to which reference has been made. 

It is evident from this description that the values for the ventila- 
tion index are entirely’' arbitrary in the sense that a selected exercise 
is performed for a given time. 

The subjects studied consisted of 75 healthy medical students. 
Forty-two of them did not smoke. The other 33 subjects were 
heav;^^ smokers in that they all smoked 20 or more cigarettes daily. 
Observations on occasional and moderate smokers were not made 
as it was felt that such studies would be difficult of interpretation. 

It soon became apparent that the degree of muscular training and 
the individual’s status as an athlete or sedentar 3 ’’ person made a 
marked difference in the results. Consequently, the 2 main groups, 
smokers and abstainers, were subdivided into sedentary", moderately 
athletic and very athletic subjects. Such a classification could at 
best be very rough. The criteria selected were as follows: An 
individual who had never attempted to “make a varsity team” and 
who took no regular exercise was classified as sedentary. Subjects 
who had played on a varsity athletic team and who had continued 
to take fairly regular exercise in some form were classified as very 
athletic. Individuals whose athletic activities had been intermediate 
between those of these groups were considered as “moderately” 
athletic. 
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Furthermore, in order to obtain observations in a group of sub- 
jects in active “training,” measurements were made on 13 members 
of the football squad of Vanderbilt University. These measme- 
ments were made during the football season when the men were in 
their best possible physical condition. 

Results. A. Comparison of the results in smokers and abstainers. 
The 33 subjects who smoked were divided as follows: sedentary, 
18; moderatelj^ athletic, 11 and very athletic, 4. The 42 individuals 
who did not smoke included 23 sedentary persons, 14 moderately 
athletic subjects and 5 very athletic students. Therefore, the 2 
main groups— smokers and nonsmokers— were quite comparable 
as regards the distribution of the sub-groups. 

It should be noted that the term “sedentarj^” as applied to the 
least athletic of the medical students is used in a purely relative 
sense. As compared to the average adult they would have to be 
considered as moderately athletic. Thus even the sedentary 
students were definitely superior in respiratory measurements to 
the group of normals studied by Harrison, Turley, Calhoun and 
Jones.® 

The average height of the smokers was 68.4 inches; of the ab- 
stainers 69.3 inches. The average weights were 150.6 pounds and 
149.6 pounds, respectively. It is evident therefore that the abstain- 
ers were, as a group, slightly taller and somewhat thinner than the 
smokers, although the difference was not striking. Average surface 
area was 1.81 and 1.82 for the 2 groups. 

The respiratory measurements are given in Table 1. The average 
vital capacity was 2.67 liters per square meter in the smokers and 
2.64 liters per square meter in the abstainers. Lowest and highest 
vital capacities were 1.94 and 3.37 for the smokers and 2.08 and 3.20 
for the nonsmokers.' It seems evident from these data that smoking 
has no effect on the vital capacity. 

The average ventilation per square meter of the smokers was 43.3 
and 70.6 for the milder and severer exercises. The corresponding 
values for the abstainers were 42.0 and 67.4 liters, respectively. 
In view of the very wide differences within a single group (Table 1) 
these small differences in the average cannot be regarded as sig- 
nificant. 

Values for the ventilation index were also almost the same in the 
2 groups. Averages were, for the smokers, 16.9 for the milder 
exercise and 27.4 for the severer exertion. The corresponding figur^ 
for the abstamers were 16.7 and 26.8. Again, the slight difference is 
in favor of tlie abstainers, but again, the differences are too small to 
be significant. 

B. Comparison of the residis in sedentary and in athletic individuals. 
Comparison of the various sub-groups in Table 1 shows that athletic 
individuals tend, as would be expected, to have a higher vital capac- 
ity, a lower ventilation per square meter for a given exercise, and a 
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lower ventilation index than do sedentary individuals. The differ- 
ences in favor of athletes are scarcelj' large enough to be significant 
for the mild exercise but are more pronounced for the severer 
exercise. 

The average values for 13 members of the Vanderbilt University 
football team are shown in Table 2. For the sake of comparison 
the average values for the sedentary individuals (both smokers and 
abstainers) of Table 1, are also included. It can be seen that the 
average vital capacity of the football players was only about 5 
per cent greater than that of the sedentary students. For the milder 
exercise the football players had slightly greater ventilation per 
unit of body surface than did the nonathletic controls. For the 
severe exercise tlie ventilation was considerably (about 8 per cent) 
less than that of the sedentary individuals. The ventilation index 
of the athletes was about 5 per cent lower for the milder exertion 
and about 20 per cent lower for the severer exercise than were the 
corresponding values for the sedentary students. It is evident that 
individuals in good "training” breathe considerabty more efficiently 
with unusual exertion than do untrained subjects but that they are 
not much more efficient in the performance of mild exertion. 

A comparison was made between the value to the team of the 
different football players with the respiratory measurements but 
it w^as soon seen that no correlation existed. Two of the players 
with the highest (poorest) ventilation indices were "stars” and 
several individuals with the lowest (best) ventilation indices were 
"scrubs.” It is evident that in a group of individuals, all of whom 
have an excellent physique, tlie "stars” are not necessarilj’’ the 
men with the best “wind.” 

The “very athletic” medical students, who were all in excellent 
physical condition and all of whom took regular exercise, but none 
of whom were highly trained in the same sense that the football 
players were, had according to the respiratory measurements, just 
as good “wind” as did the football players. This finding was rather 
smprising. Possibly, the latter group would have been superior 
had the subjects been tested with violent or maximal exertion. 

Discussion.— From the above data one might be tempted to con- 
clude that smoking does not affect the “wind” at all. However, 
such a conclusion seems to us to be unjustifiable for the following 
reasons: 

1. The subjects, being young, had been smoking for relatively 
few years. It is conceivable that studies on a group of individuals 
who had been heavy smokers for 20 or more j’^ears might show 
difference from a control group. 

2. It is also possible that if a maximal or violent test exercise 
had been used the smokers wmuld have shown themselves less 
efficient than the abstainers. 

The data do seem to justify the following conclusion: Smoking 



TURLEY, HARRISON: RESPIRATORY MEASUREMENTS 707 

for a few years, even to excess, produces no significant decrease in 
the respiratory efficiency in response to such exertion as is necessi- 
tated by the ordinary duties of life. 

The data concerning athletes were of interest. For mild exercise 
the athletes were only slightly more efficient than the sedentary 
students, but for severe exercise which was in no sense maximal, 
the football players were about 20 per cent more efficient than the 
sedentary students . Of special interest is the fact that those medical 
students who had participated in intercollegiate sports some 3 - ears 
before and who had continued to take some form of regular exercise, 
but who were not in active training at the time the tests were made, 
were just as efficient in their breathing as were the football pla.yers 
who were highly trained at the time the tests were made. 

It appears that once an excellent pl^sical status has been attained, 
one is able to keep in this condition, for a number of j^ears at least, 
by relatively mild exercise if it be taken regularly. 

Summary. Respiratory measurements were made on a group of 
75 medical students and on 13 football players in active training. 
As a result of these measurements the following conclusions were 
drawn : 

1 . “Heavy” smoking (20 or more cigarettes a day) for several 
years does not significantly diminish the respiratoiy efficienc.v in the 
performance of mild and moderatelj'- severe exercise. 

2 . Athletic individuals are not much more efficient than sedentary 
persons in the performance of mild exertion, but are considerably 
more efficient in carrying out moderately severe exercise. 

3. Individuals who have once been highl.y trained, remain 
extremel}^ efficient in their breathing for a number of 3 'ears after 
giving up active training, provided thej' take fairly regular exercise. 
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A Radiological Study of the Paranasal Sinuses and Mastoids. 
By Amedee Granger, K.C.B., K.C.I., M.D., F.A.C.R., Profes- 
sor of Radiology, Louisiana State University Medical Center, 
and Director of the Department of Radiology, Louisiana State 
Charity Hospital, New Orleans. Pp. 186; 113 illustrations. 
Philadelphia: Lea & Febiger, 1932. Price, 85.50. 

The otolarjmgologist who is not satisfied with his knowledge of 
sinus films will do well to read the text of this book and study the 
plates presented. By so doing his information concerning the cor- 
rect interpretation of sinus roentgenograms will be greatly increased. 
In addition he will learn if his roentgenologist is securing the detail 
which Granger demonstrates. This is especially true of the sphen- 
oid air spaces concerning which Roentgen ray information is not 
infrequently unsatisfactory. The plates of illustrative cases demon- 
strate the author’s points very clearly. In lesser degree the same 
may be said of the mastoid presentation. Unfortunately the illus- 
trative mastoid films do not always give the detail called for in the 
author’s text. K. H. . 


Clinical Roentgen Pathology of Thoracic Lesions. By 
William H. Meyer, M.D., Professor of Roentgenology in the 
New York Post-Graduate Medical School of Columbia University, 
etc. Pp. 272; 183 engravings. Philadelphia; Lea & Febiger, 
1932. Price, S6.00. 

The author has presented in a very concise and unique manner 
a book on diseases of the thorax and its contents. I presume that 
this book was prepared particularly for matriculates of his school. 
It contains detailed systematic plans for the examination of the 
chest, and anyone who follows such a plan would be prevented from 
overlooking most lesions. The author has considered technique, 
pathology and most of the adjuncts that radiologists use in deter- 
mining the nature of the lesion which they are studying. 

The discussion of the diseases with their roentgenographic 
manifestations is verj" concise. In fact, one obtains the impression 
that it is too concise in some instances; but at least it does give the 
student the usual textbook appearance of certain conditions, and 
if he is interested he will look elsewhere for additional data. The 
book contains no bibliography but the Reviewer gains the iinpres- 
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sioii tliat^tlie autlior has searched rather widely lor his material, 
and this combined with his own large experience makes the book 
worth while. 

The illustrations are very good, especially when one considers 
that they are all negatives. The pencil drawings greatly aid in the 
interpretation of the lesions. Unfortunately, the illustrations are 
not uniform. Namely, the heart is at times on one side, and then 
on the other. This makes it difficult to interpret when the legend 
and the side on the illustration do not correspond. The print is 
readable and the subjects are set apart throughout the entire book. 
The paper is glossy, which makes it a little more difficult to read. 

E. P. 


Nervous Indigestion. By Walter C. Alvarez, M.D. Pp. 297. 

New A^ork: Paul B. lioeber, Inc., 1930. Price, $3.75. 

In this ^mlunie the scientist or intelligent physician will find little 
of interest. From the standpoint of sound, physiological data on 
the question of nervous influences on the gastrointestinal tract 
this book offers nothing that cannot be found in much greater detail, 
and in far more satisfactory manner in "The Mechanics of the 
Digestive Tract” by the same author. Even the sketchy material 
offered on this question loses considerably in value because of the 
lack of an adequate bibliography. It is true that the author tells 
many interesting anecdotes about people with nervous disorders 
of the digestive tract. A^et, even in this regard, it would be a safe 
venture that the average practitioner from coast to coast could 
ably swap stories about neurotics with Dr. Alvarez for hours without 
feeling in the least a sense of inferiority. It is the avowed purpose 
of the book to focus the attention of students of medicine, and of 
general practitioners, on the importance of functional disorders of 
the digestive tract. The degree to which this is accomplished must 
be judged by each individual reader. M. F. 


The Diagnosis and Treatment of Venereal Diseases in Gen- 
eral Practice. By L. W. Harrison, D.S.O., M.B., Ch.B., 
F.R.C.P.E., Brevet Colonel, R.A.M.C., and IC.H.P. (Ret.), 
Director of Venereal Department, St. Thomas’s Hospital. With 
a chapter on The Aledico-Legal Aspects, etc,, by F. G. Crook- 
shank, M.D., F.R.C.P., etc. Pp. 567 ; 79 illustrations. Fourth 
edition. NewAork: Oxford University Press, 1931. 

This book, the fomdh, enlarged edition of a well-known text, 
presents the Wews of one of the best known and highly organized 
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venereal disease ser\aees in the world, that of Great Britain, and is 
an exceptionally concise and trustworthy manual for the general 
practitioner. Condensation of material adds to its practical value 
as a small but authoritative A'olume in which the author shows an 
extraordinary acquaintance with the literature of his subject. 

The regional presentation of material and the attempt to inter- 
weave the manifestations of syphilis and gonorrhea, while of some 
ser^dce to the practitioner, probably makes less appeal to the 
specialist in urologj" or syphilology as such. 

The frankness of the chapter dealing with the prevention of 
venereal diseases is a welcome relief from the usual prudery that 
envelops these issues. J. S. 


Nosokomeion, Quarterly Hospital Review. First special num- 
ber, containing the reports presented to the Vienna Congress. 

Pp. 492. Stuttgart: V. W. Kohlhammer, 1931. Price, 15 marks. 

The first special issue of Nosokomeion, a quarterly hospital review, 
published by V. W. Kohlhammer, Stuttgart, presents the reports 
of the second International Hospital Congress held in Vienna, June 
8 to 14, 1931. This volume consisting of 492 pages is printed in 
German, French and English, although French is the official language 
of the Congress. The advantage to the hospital world generally 
of this triple language presentation is evident since the vast majority 
at least of administrators of American hospitals are not sufficiently 
acquainted with German and French to enable them to secure the 
greatest benefit from- a volume not so printed. 

Few realized in 1927 the far-reaching effect of a preliminary meet- 
ing held in the Red Cross Headquarters in Paris, France, at which 
14 countries were represented. The writer of this review, being 
present on this occasion, noted the very marked interest displayed 
in the formation of an International Hospital Congress by those 
present. The first meeting of this Congress in Atlantic City in 
1929 brought forth some splendid contributions to the hospital 
literature and attracted the attendance of the representatives of 
over two score countries. The Vienna Congress, at which delegates 
from almost every government of size in the woild were in atten- 
dance, apparently exceeded in size and literary contribution the 
Atlantic City meeting. 

The program consisted of the discussion of 10 major subjects, 
including construction, nursing, medical services, physiotherapy, 
occupational therapy and social ser\'ice. A splendid address was 
delivered by Prof. Dr. Julius Tandler, Director of Vienna Public 
Health anti Social Welfare Serrices, who is the president of the 
organizing committee, opened the Congress. 

Dr. Rene Sand, of the Red Cross Society, who acted as the official 
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host in the name of the Eecl Cross to the organizing committee, 
and' who served most effectively as interpreter, re\dews in this 
volume the development of the International Hospital movement. 

One of the outstanding contributions was that included in a 
report of the Committee on Nursing, headed by Miss Christine 
Reimann, chairman of this committee, and a representative of the 
the International Nursing Association on the Ratio of Nurses to 
Patients. This committee exhaustiblj’- discusses the nursing situa- 
tion throughout 22 countries. One is struck with the great variance 
in patients per nurse, in working hours, in annual vacation and in 
working conditions under which nurses labor throughout the world. 
There still exist in many countries relics of the pre-Nightingale era 
in regard to requiring too long tours of duty and of exacting from 
nurses, drudgery which appears both unfair to the nurses and 
economically expensive to the hospital. More than that, this 
committee demonstrates that where too long working hours are 
found and where the labors of the nurse are physically too exacting, 
the average number of days lost yearly for sickness rises rapidly. 
Thus it amounts from 4.1 for the trained nurse and 5.9 for the 
student nurse in the United States, to 16.8 and 14.9 respectively in 
Austria. In scanning the report of the conditions under which 
nurses work throughout the world, one cannot help but conclude 
that the nursing situation here in the United States ranks rather 
high, notwithstanding the unfavorable comment which one hears so 
frequently. 

A splendid discussion by Dr. Wirth, of Frankfurt, urges on The 
Unification of Hospital Nomenclature. This matter should 
interest not only governmental and private statistical agencies, but 
all hospitals throughout the world. The classification of diseases 
and causes of death certainly requires some attempt at standardiza- 
tion. 

What Dr. Alter, of Diisseldorf, has termed “the third indispens- 
able ser\dce” of the hospital, i.e., the care of the soul through 
occupational therapy, social ser\dce and other humanitarian activi- 
ties, is discussed by Dr. Wortman, of Hilversum, Netherlands. 
Professor von Noorden, of Vienna, presents in this volume a splen- 
did article on “Nutritional Service in the Hospital.” Dr. Alter, 
of Dusseldorf, discusses the place of neurology' and psychiatry in 
the general hospital. Dr. Layton, of London, jiresents a report 
outlining the advantages which public health derives from the 
cooperation of social insurance in the hospital. Dr. Corwin, of 
New York, presents the problem of the develo]nnent anti integration 
of dispensaries in and with the hosjntal. 

Not only to hospital administrators is this number of NosokomcAon 
of great interest, but it contains much useful information which 
should appeal to physicians, sociologists and all others interested in 
community health. J. J), 
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Clinical Dietetics. By Harry Gauss, M.S., M.D., F.A.C.P., 
Instructor in Medicine, University of Colorado, School of Medi- 
cine, Assisted by E. V. Gauss, B.A., formerly Assistant Dietitian, 
Presbyterian Hospital, Denver, Colo. Pp. 490 ; 59 illustrations. 
St. Louis: The C. V. Mosby Company, 1931. Price, S8.00. 

The outgrowth of a course of lectures on the subject given by 
the senior author in the medical school of the University of Colorado, 
the book is a clear, concise, orderly presentation of the subject. 
Lacking the great detail of the usual more extensive works on diete- 
tics, it nevertheless gives the practical essentials. This fact, 
together with the numerous specimen diets worked out on a weekly 
program basis, should make it very useful to practitioners. There 
are few criticisms: pernicious anemia is attributed to a simple 
avitaminosis, an unwarranted assumption. There is no mention of 
the possible use of high protein diets in nephrosis. It is fallacious 
to assume that a patient who has been put on the 5 elimination 
diets noted and has not been made free of symptoms is not troubled 
with food allergy— it merely proves that he is sensitive to more than 
a single food. Finally, there is no bread but whole wheat in the 
authors’ opinion, but then every dietitian rides a hobby. 

R. K. 


Cosmic Consciousness. By Richard Maurice Bucks, M.D., 
Formerly Medical Superintendent of the Asylum for the Insane, 
London, Canada. Pp. 384; 1 illustration. New York: E. P. 
, Dutton & Co., Inc., 1931. Price, S5.00. 

By “Cosmic Consciousness” the author signifies a form higher 
than either the self-consciousness possessed by the ordinary man or 
the simple consciousness of animals. Concerned with the life and 
order of the whole universe, this form of intellectual enlightenment 
is looked upon as a state of moral exaltation which has been experi- 
enced by a relatively few individuals, but in increasing numbers as 
civilization progresses. The major part of the book describes 14 
instances of “ Cosmic Consciousness,” from Gautama the Buddha to 
Edward Carpenter, with 36 lesser or doubtful instances. 

The bibliographic history of this book is unusual. Passing through 
3 small editions between 1901 and 1912, it was practically lost for 
10 years, after which Dutton has published 4 editions in the past 
eight. To the ReHewer the book proved but mildly interesting and 
still less enlightening, with a tiresome mysticism and frequent unjus- 
tifiable deductions. Nevertheless William James considered it “an 
addition to psychology of first rate importance” and the cover 
carries equally favorable comments. Let each reader decide for 
himself. E. E- 
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A History of Science. By William Cecil Dampier Dampier- 
Whetham, M.A.j F.Jl.S., Fellow and sometime Senior Tutor of 
Trinity College, Cambridge; Fellow of Winchester College. Pp. 
514; 14 figures. New York; The Macmillan Company, 1931. 
Price, S4.00. 

Although it has been rather generally accepted that the scien- 
tists, artists and artisans of modern times have done far more to_ 
benefit the human race than have rulers, statesmen and warriors, 
still it is the history of the latter group that is best Icnown and most 
carefully studied. Only in the past two decades has an increasing 
interest in the Plistory of Science been apparent, as manifested by 
the growing list of recent books on the subject, by the Journal 
“Isis,” by works like Barton’s splendid first volumes of an Introduc- 
tion to the History of Science and by the various national and inter- 
national societies interested in the subject. 

The demand within a year for another edition of this thoughtful 
book by Dampier-Whetham is another encouraging example of recent 
trends and shows the interest created by such works in the minds of a 
wider circle than those of professional scientists. And such -popu- 
larity has in no sense been obtained by sacrifices to a popular style. 
Scholarly but readable, it accomplishes in 10 chapters an account 
of science from the dawn of civilization down to its most recent 
developments. The “New Era in Physics,” for instance, devotes 
63 pages to radio-activity, quantum mechanics, relativity and the 
other surprising developments of the past 40 years. Nor are philo- 
sophic applications shirked ; in the last chapter especially, “ Scientific 
Philosophy and Its Outlook,” mathematics, logic and metaphysics 
are frankly applied to such concepts as determinism and religion 
with the resultant confessions of ignorance now so popular among 
physicists, “But, now or later, intelligible mechanism will fail, 
and we shall be left face to face with the awful mystery which is 
reality.” “ Credo quia imjjossible” said Tertullian. E. K, 


Fighting Disease With Drugs. Edited by John C. Krantz, 
Jr., with an introduction by Dr. James H. Beal. A publication 
of The National Conference of Pharmaceutical Research. Pp. 
230; 27 illustrations. Baltimore: Williams & Wilkins Companv, 
1931. Price, S2.00. 

This is a symposium containing 12 chapters, each Avritten by a 
specialist, dealing with the history of pharmacy, the sources, 
chemistry, and standardization of drugs and the relation of modern 
pharmacy to the community and to science in general. It is Avritten 
for the aA'crage layman, for the purpose of acquainting him AA'ith the 
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part played by pharmacists and pharmacy in the development of 
modern therapeutics. Such a reader will be left with a higher opin- 
ion of the practitioner of pharmacy than he had before, and with a 
good idea of the problems which have been solved and which await 
solution in the development of chemical and biologic remedies. 
For the physician, the chapters on Dawn of Pharmacy (Dohme), 
Bacteria-made Drugs and Vitamins (Anderson) and Drugs Made by 
Man (Adams and Kamm) contain much of interest. 

C. S. 
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NEW BOOKS. 

The Practice of Contraception. Edited by Margaret Sanger and Hannah 
M. Stone, M.D. With a Foreword by Robert L. Dickinson, M.D. 
Pp. 316; 22 illustrations. Baltimore: The Williams & Wilkins Company, 
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Histologic Studies of the Bone Marrow in Fasted and Polyneuritic 
Pigeons.— Of increasing interest is the attention that is being paid to 
anemias wliich develop as a result of certain nutritional deficiencies. 
Moobe and Bablow (./. Ex'per. Med., 1931, 54, 761) have investigated 
the bone marrow in pigeons fed upon a diet of rice contrasted with a 
group which were fasted. The conclusions drawn by the authors are 
to the effect that the changes in the bone marrow in the fasted and rice- 
diseased pigeons are essentially the same. In pure vitamin B deficiency 
there is degeneration and edema and slight endothelial proliferation of 
the small vascular channels but with active hematopoiesis. The anemia 
of rice disease in pigeons is apparently not particularly related to vita- 
min B deficiency but depends upon the starvation anemia. . 


Reticulocyte Response to Glutamic Acid in Pernicious Anemia. — 
The use of glutamic acid as an antianemic substance was suggested to 
Lichtman {Proc. Soc. Exper. Biol, mid Med., 1931, 29, 153) by the fact 
that the acid may be condensed into pyrrolidonecarboxylic acid, which 
is one of the isolated substances in the liver tissue identified by West, 
Howe and Dakin as pyrrole precursors active in Addisonian anemia. 
Furthermore, several other authors have found the acid and certain 
other amino acids are effective in the treatment of the anemia of rats 
who are fed on an exclusive milk diet. These particular p;sTTole sub- 
stances, it is suggested, are probably liberated from certain protein 
foods through the action of normal gastric digestion and are then decom- 
posed so that their products after absorption are capable of playing a 
part in the synthesis of hemoglobin and erythrocyte stroma. In per- 
nicious anemia the necessary substances are not available to the organ- 
isms due to some deficiency of tlic gastrointestinal tract. Lichtman 
therefore foil glutamic acid to 4 patients with pernicious anemia. A 
condiment, Suzuki, exceedingly popular in Japan which contains 
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sorliuiii-glutainate was tlie form in wliich the glutamic acid was adminis- 
tered._ He found tliat' there was some slight reticulocyte response in the 
4 patiente studied, the maximum response being 6 per cent. There 
was no rise in the hemoglobin or erythrocyte count except in 1 patient 
in which the hemoglobin went up but the red cells were not increased. 
The conclusion is drawn that sodium glutamate, while not completely 
devoid of activity as shown by definite retoculocyte response in the 4 
cases studied, is not however an effective substitute for li\’’er extract 
in the treatment of pernicious anemia. 


SURGERY 


UNDER THE CHARGE OF 

T. TUENBR THOMAS, M.D., 

PHILADELPHIA, PA. 


The Peptic Genesis of Gastric and Duodenal Ulcer,— Ludan and 
Wolff (Surg., Gynec. and OhsL, 1931, 53, 621) say that a survey of the 
experiences acquired will show that, in the biochemical theory, there is 
an exceedingly good explanation of the nature as well as tlie location of 
the peptic lesions ndth ulcer formation, confined to the esophagus, 
cardia, area of the pyloric glands, duodenum, jejunum (postoper- 
atively) and in Meckel’s diverticulum. Everywhere tlie lesion is to 
be found in the area of activity of the hydrochloric acid. The presence 
of free hydrochloric acid has likewise proved to be a regular finding. 
This biochemical theory now advanced anew and further developed by 
Buecbner has, in fact, been taken up and confirmed by several leading 
investigators. Aschoff and Kolk also in recent monographs have ex- 
pressed the opinion that the gastric juice has again marched to the 
foreground as a genetic factor of ulcer, contending however, tliat tlie 
excess of hydrocldoric acid is due to a “Dysharmonie des Vegetativen 
Nervensysteips.” The main object would be to control and reduce as 
far as possible, the production of hydrochloric acid bj"^ suitable, dieting 
in accordance witlr the experience gained chiefly tlrrough tlie Pavlov 
school. Considering surgical therapy with its rather varying measures, 
the operation, Billroth I, which reduces the production of hydrochloric 
acid, removes that part of the gastral system which is most susceptible 
to ulceration, while retaining to the greatest possible extent the normal 
topography and normal discharging conditions, is probably the method 
that yields the best results and shows extremely few or no cases of relapse 
or postoperative ulcer. 

The Roentgen-rays and Radium in the Diagnosis and Treatment of 
Carcinoma of the Bladder. — Pfahler (Svrg., Gyncc. and Ohst., 1931, _53, 
6S0) says tliat pneumocystography is a valuable means of determining 
the presence, size, outline, position and amount of infiltration of a 
carcinoma of the bladder. It can be carried out by any careful roen - 
genologist with sterile eatheter, atomizer, bulb and a liemostatic forceps. 
Radiotherapy involves treatment by radium in the form of capsules, 
needles or seeds (glass or gold) and by the use of deep roentgenotlicrap> , 
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either alone or before or after electrocoagulation. It seems that electro- 
coagulation is better than excision, followed by radium or Roentgen ray 
treatment. Some very encouraging results have been obtained b;\" 
irradiation alone. Under such treatment the patient is usually relieved 
of hemorrhage and pain. If results can be made permanent and per- 
centage of cures increased, and if in the early stages the growth can be 
destroyed cystoscopically, it will be a great step in advance. 

Paget’s Disease — A Predisposing Factor to Osteogenic Sarcoma. 
— CoLTSY and Sharp {Arch. Surr/., 1931, 23, 91S) state that it was found 
from a study of cases of osteogenic sarcoma in Memorial Hospital, that 
in no patient was this condition associated with Paget’s disease prior 
to the age of 50 years. In a collected series from Memorial Hos- 
pital and the Bone Registry of 71 cases of osteogenic sarcoma in patients 
over 50 years of age, Paget’s disease was found to be a predisposing 
factor to osteogenic sarcoma in 28 per cent. Men are affected five times 
more frequently tlian women — among patients with the two diseases 
associated. In general it maj'^ be said that osteogenic sarcoma in patients 
over 50 has the same sites of predilection as in younger persons. A 
patient over 50 with osteogenic sarcoma of the skull presumably has 
Paget’s disease. When osteogenic sarcoma is associated with Paget’s 
disease it invariably develops in a bone showing the characteristic 
changes of Paget’s disease rather than in an otherwise normal bone. 
Evidence is presented to show that Paget’s disease is present from ] 0 to 
15 years or more prior to the development of a complicating osteogenic 
sarcoma. The duration of life is shortened by the association of osteo- 
genic sarcoma with Paget’s disease, as determined by a comparative 
study of a gi-oup of patients of the same age without osteogenic sarcoma. 
No record has been found of the survival for 5 years of a patient Avith 
osteogenic sarcoma and Paget’s disease under any method of treatment. 
Paget’s sarcoma has proved to be relatively resistant to radiation. 


Some Thoughts on the Problem of Cancer Control. — Coley (Am. J. 
Siirff., 193], 14, G05) says that a considerable portion of the funds raised 
for cancer control should be expended in the field of collecting more 
facts especially more accurate first-hand information, as to the geo- 
graphic distribution of cancer and especially data tliat maj^ account 
for the wide variation in incidence. Little advance may be expected 
in the surgical treatment of cancer, but in the field of Roentgen ray and 
radium with increasing knowledge of the action of these agents and 
Avith improved technique, considerable adA^ance may be anticipated. 
Radiation has already displaced surgery in certain fields, i. c., cancer 
of the skin, of the cervix and oral cancer. It is rapidly becoming recog- 
nized that most cases of cancer can best be ti-eated by a combination of 
surgery and radiation, rather than by the use' of either alone. A system- 
atic attempt should be made to give the undergi-aduate medical student 
much better clinical instruction in the early diagnosis of cancer than he 
has had in the past and even more important is it to provide numerous 
centers Avhere intensive postgraduate instruction may be obtained. 
The results of study by the A’arious .organizations and individuals 
Avorking on the problem of cancer, including both the clinical and labora- 
tory aspects, should be giA^en AA’ide publicity. 

voi,. ISa, NO. 'i.— M.w, 1932 25 



718 


I’KOGHESS OE MEDICAL SCIENCE 


THERAPEUTICS 

UNDER THE CHARGE OF 

CARY EGGLESTON. M.D., 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE, CORNELL UNIVERSITY MEDICAL COLLEGE, 

2^IV YORK CITY, 

AND 

SOMA WE188, M.D., 

ASSISTANT PROFESSOR OF MEDICINE. HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 


The Treatment of Angina Pectoris With Tissue Extract.— Following 
suggestive leads given by the observations of Frey and Kraut, Gley and 
Kisthinios, Schwartzman and others, Wolffe, Findlay and Dessen 
{Ajin. Inter. Med., 1931, 5, 625) prepared a purified extract of pancreas 
according to the method of Gle 3 ' and Kisthinios. They find this extract 
to be entirely free of bistamin and virtually free of insulin. They report 
experiments upon animals and observations on the therapeutic effects 
in man. Administration of the extract to animals produces a sharp drop 
in blood pressure followed by fairlj’- prolonged maintenance of the pres- 
sure at a lowered level. It also antagonizes more or less effectively the 
vasoconstrictor action of epinephrin. In addition it slows the heart rate. 
The extract does not seem to be antigenic nor does it have dernonstrable 
toxic effects upon animals. The extract W'as standardized upon rabbits, 
one hypotensive unit being that amount which produces a just appreci- 
able fall in blood pressure xvhen injected intravenously into a rabbit 
weighing 2 kg. For clinical trial a concentrated extract was employed 
which contained 15 units per cc. The extract was given intramuscularly 
to a series of patients suffering from angina pectoris which was unre- 
lieved or insignificantly influenced by the usual methods of treatment. 
The doses employed varied from 60 to 150 units, the usual dose being 
7 5 units. No significant ill effects were observed in this group of patients 
and complete clinical relief of pain was secured in 55 per cent, partial 
relief in 30 per cent while in 15 per cent there was no benefit. _ One 
patient was relieved both of his angina and of a severe associated inter- 
mittent claudication. The authors present this earlj" report with the 
belief that the extract promises to be of great value as a therapeutic 
agent and in the hope that it ma.y promptlj^ be put to sufficient controlled 
clinical trial to determine its value and limitations. The^' point out 
that tlie extract is not a hormone but that its action depends upon a 
vasodilator principle which is either adenjdic acid or adnosine, both of 
which may be obtained from various bodj- tissues. 

Intravenous Quinidin Therapy. — Padilla and Cossio {Arch, des 
Mai. du Coeiir, etc., 1931, 24, 401) made careful trials to determine 
Avhether or not the intravenous administration of quinidin could he 
carried out safclj' in man and found that such was the case prorided 
that certain conditions were met. The solution should not he 
concentrated than 5 per cent of quinidin in phj'siologic saline. Tlie 
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injection should be carried out slowly. The patient should be recum- 
bent during the injection. The single dose of quinidin should be about 
0.5 gm. for the majority of cases and even in exceptional cases it should 
not exceed a maximum of 0.15 gm. of the sulphate for each 10 kilos of 
the patient’s body weight. Following these established conditions, 
the authors administered quinidin sulphate intravenouslj’^ to a series of 
patients without once encountering serious toxic effects. Reporting 
4 cases in some detail and analyzing the previous literature they con- 
clude that the intravenous injection of the drug is especially indicated 
in patients with prolonged paroxj'^smal tachycardia, especially where 
it has proved resistant to the more usual methods of treatment. Such 
injections of quinidin are almost invariably effective in immediately 
arresting the tachycardia and restoring normal rhythm. The intra- 
venous injection of quinidin is also indicated in certain cases of auricular 
flutter, especially in paroxysmal types. In these conditions, however, 
its chief action is to diminish the ventricular rate by depressing auriculo- 
ventricular conduction. Minor toxic symptoms may appear such as 
occasional marked pain along the course of the injected vein which seems 
to depend chiefly upon a too rapid injection. With the rapid return 
of normal rhythm and much slower rate in cases of paroxysmal tachy- 
cardia transitory symptoms of lassitude, pallor, cold sweating and slight 
visual disturbances are occasionally seen. There are also occasional 
instances in which the patient complains of rather intense precordial 
oppression which may or may not be accompanied by dyspnea, profound 
lassitude, ringing in the ears, vertigo, nausea, vomiting, etc. These 
symptoms, however, are rarely either lasting or important. 


The Reaction to Nitrites in Angina and Hypertension.— It is a well 
established fact that nitrites are capable of relieving the pain in the 
majority of patients with the anginal syndrome, Avhether this pain be 
associated with hypertension or not. It is further a well known fact 
that the nitrites generally produce a rapid but transitory fall in blood 
pressure. There has been considerable speculation as to the mech- 
anism by which the nitrites accomplish the relief of anginal pain, and 
especially as to the relationship between this specific relief of pain and 
their vasodilator effects. In order to throw furtlier lighf upon these 
problems, Burgess {/bin. hit. Med., 1931, 5, 441) carried on a gi-oup 
of carefully controlled clinical investigations from which he concludes 
as follows: Neither nitroglycerin nor amyl nitrite produce any con- 
sistent blood pressure change other than slight transitory loAvering in 
normal persons or in persons with simple or complicated hypertension. 
Although a brief reduction of pressure follows their administration in 
the majority of cases with angina, close study shows that the relief of 
pain is independent of this effect, both in point of time and in point of 
the extent of the lowering of pressure. It is a demonstrated fact, how- 
ever, that the nitrites cause a pronounced increase in coronary blood 
flow which also is apparently unrelated to their action upon the sj-stemic 
circulation. The author concludes from these observations that the 
pain of angina is probably due to a relative ischemia of the myocardium 
and that its relief by nitrites is due to their rapid production of increased 
flow through the coronaries with improved nutrition of the heart 
muscle. 
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Phosphorus Metabolism in Infants.— Witt (Am. J. Dis. Child., 
1932, 43, 306) studied the phosphorus metabolism in a group of 5 
apparently healthy infants, each of whom was fed breast milk and 
cow’s milk mixtures during alternate periods. This was done to exclude 
variations tliat might arise as a result of constitutional differences in 
the experimental subjects. Individual 24 specimens have no lvalue 
for metabolic investigations. Analysis of the average values for tliree 
consecutive 24-hour periods shows distinct differences produced by 
change of diet. The average intake of phosphorus with cow’s milk 
was 0.654 gm. per 24 hours and with breast milk 0.258 gm. The total 
output during the periods when cow’s milk was used was almost four 
times as great as that during the periods of breast feeding. There 
was an output of 0.394 gm. per 24 hours during cow’s milk feedings 
as compared to 0.108 gm. during the periods of breast milk feeding. 
The increased output during the feeding of cow’s milk is due to a gi-eat 
extent to the increased phosphorus during these periods. The average 
excretion of phosphorus in the urine was 0.275 gm. per 24 hours during 
the period of cow’s milk feeding and 0.064 gm. when breast milk was 
fed. The average value for phosphorus excreted in the feces was 
0.119 gm. per 24 hours for cow’s milk and 0.044 gm. for breast milk. 
The actual phosphorus absorbed by the infants studied was consider- 
ably more during the periods of cow’s milk feeding; the average value 
for cow’s milk, 0.535 gm. per 24 hours, compared to 0.213 gm. for 
breast milk. The average percentage absorption for breast milk was 
83.1 per cent as compared to 81.1 per cent for cow’s milk. The actual 
amounts of phosphorus retained were considerably greater during the 
periods n^hen cow’s milk was used, possibly as the result of a greater 
intake, and for this reason it was difficult to compare the percentage 
values for retentions. Over 50 per cent of the phosphorus intake was 
retained by each infant during the periods when it was breast fcfl, 
and the Amlues ranged from 51 to 63.8 per cent, Avith an average of 58. 1 
per cent. During the periods when coav’s milk feedings Avere given 
the retention AA’as ahvays beloAv 50 per cent, the maximum being 44.2 
per cent and the minimum 29.2 per cent. The values per kilogram 
obtained during the periods when the baby was breast fed indicated 
that the optimal absorption and retention of the phosphorus in breast 
milk occurred in the earliest months of life. 


Basal Metabolism of Normal Children — The Puberty Reaction.— 
Popper and Mulier (Am. J. Dis. Child., 1932, 43, 327) studied the 
basal metabolism of 28 girls and 10 boys from 10 to 16 years of age at 
intervals of 6 months to a year aboA'e a period of from 1 to 4 ^'ears. It 
Avas found that there Avas an inerease in the basal metabolic rate in the 
prepubescent period, reaching its maximum around the time Avlieii 
catamenia Avas established in girls, and sexual maturity in boys, AA itli a 
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subsequent decline afterward. There was no uniformity in the heiglit 
of the inereased metabolism or in the duration of the increase. Some 
of these childi’en had no other symptoms of an enlarged thyroid gland. 
Others presented such symptoms as enlarged thyroid gland, tremor, 
nervousness, vasomotor instability, cardiac murmur and tachycardia. 
All of these symptoms disappeared as the basal metabolic rate returned 
to tire previous normal level, when puberty was well established. The 
authors feel that an increased basal metabolism is physiologic during 
pubescence. This increased metabolism coincides with the physio- 
logic age rather than with the chronologic age, and occurs earlier in 
girls than in boys, coincident with their earlier pubescence. As there 
seems to be an individual variation in the height and duration of the 
increased metabolism, it makes the adoption of normal standards 
difficult for this important age period. The increased basal metabol- 
ism may be associated with symptoms simulating organic heart disease 
or more especially exophthalmic goiter. In evaluating high metabolic 
figures at this period, the clinieal manifestations of pubescenee have to 
be considered. Exophthalmic goiter is rare before puberty and should 
not be confused with the physiologic overactivity of the thyroid gland 
in pubescence, which is temporary and the prognosis of which is excellent. 


The Seasonal Incidence of Some of the Diseases of Childhood. — 
Herbman {Arch. Fed., 1932, 49, 73) states that human beings are 
subject to the same biologic laws as plants and animals. The physical, 
physiologic and chemical conditions differ at different seasons of the 
year. The time of greatest susceptibility to many diseases is in the 
late winter and spring. As several functional neuroses and constitu- 
tional conditions, as well as infectious diseases, present this seasonal 
variation, it seems likely that an increased virulence of infectious 
material is the primary etiologic factor. The injurious effect seems to 
depend on a sudden transition or an abrupt change in some meteor- 
ologic element. Apparently there are certain persons Avho are unable 
to adjust themselves quickly to these changes. Although it is impos- 
sible at the present time to be certain Avhat the exciting agent is, it is 
most likely some form of radiation. Such a hypothesis is supported by 
the faet that some of the functional neuroses are much more common in 
some years than in others. Experimental work on laboratory animals 
Avould seem to offer the most promising field for a solution of the 
problem. In such experimentation the various factors involved could 
be separated, modified and controlled and the effect of different forms 
of radiation of different Avave lengths determined and artificial climates 
produced. As the vast majority of persons cannot move to a different 
climate, and as one cannot control to any gi-eat extent the air one 
breathes and the radiation to AAffiich one is exposed, efforts must be 
directed largely to increasing the resistance of the person. This can be 
done mainly in tlu-ee Avays: The first is by preventing the birth of 
the defective and the unfit, thus raising the average resistance of the 
community. The second is by actiA^e immunization of infants against 
the infectious diseases. The third is by providing infants, children 
and pregnant mothers Avith a diet containing an adequate amount of 
vitamins, and by exposing them out-of-doors in the Avinter and s])ring 
so that they may increase tlu'ir ability to a<ljust themselves to sudden 
clianges in climate. 
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Macular Atrophy of the Skin.— Chargin and Silver (Arch. Dervi. 
and Syph., 1931, 24, 614) review tlie literature of this rare but interesting 
dermatologic condition and definitelj'^ clarify the issue, proposing the 
following simple but satisfactory classification: 

A. Primary (not preceded by known dermatoses). 

1. Anetodermia Jadassohn. 

2. Anetodermia Schweninger and Buzzi. 

B. Secondary (preceded by known dermatoses). 

1. Syphilis (atrophia maculosa syphilitica). 

2. Tuberculosis and lupus erythematoides. 

3. Leprosy. 

4. Other dermatoses. 

C. hlixed types of atrophy (macular atrophy and acrodermatitis 

chronica atrophicans). 

The Anetodermia erythematosa of Jadassohn varies greatly in onset 
and course but for the most part consists of erythematous macular 
lesions that may pale in the center to form a ring or even become con- 
fluent and terminate in atrophic areas with at times a central baglike 
protrusion which on pressure seems to herniate into the skin. The 
lesions occur mostly over the trunk and limbs and are found three times 
more frequently in females than in males. The Schweninger and Buzzi 
type originally described under the term “multiple benign tumor-like 
new growths of the skin” differs mostly in the absence of preceding 
inflammatory changes. Sypliilis is by far the commonest cause of 
secondary macular atrophy. The process may simply be^ associated 
with syphilis or, more commonly, replace a previous s\q)hilitic eruption, 
usually of the papular type. The condition usually appears during 
the second or third year of a syphilitic infection but much longer time 
intervals are on record. No entirely satisfactory etiology has been 
established for the entire group, although the endocrine theory of 
Singer seems the most plausible. Pathologically the essential changes 
arc fragmentation, contraction and finally disappearance of the elastic 
tissue. 
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Fistula Formation in Cervical Cancer. — In 254 cases of carcinoma of 
the cervix treated by radium in Cardiff Royal Infirmary, fistulie have 
appeared in 22 cases (8.7 per cent) according to Strachan (J. Obst. and 
Gyncc. Brit. Emjnre, 1931, 38, 542). Of the 22 cases, fistula formation 
occurred only witliin the last 2 months of life in 8 cases, so that, unless 
a practically complete follow-up is kept and unless this complication 
is .specifically inquired into, a certain proportion of fistula cases will 
fail to be included in statistics. In the majority of cases nothing can 
lie done for the fistula; forming in the course of cervical cancer. Espe- 
cially is this the case in vesicovaginal fistula and in any fistula when 
growing carcinomatous tissue occupies its edges. In some few cases in 
which clinical cure appears to have taken place and when active car- 
cinoma is not present, extreme fibrosis and puckering makes tlie success 
of a closure operation proljlematical at least. Although cure of the 
fistula is unlikely much may be done in the course of radiation to prevent 
this complication. Prior to radiation the bowel should be thoroughly 
emptied and at the completion of irradiation a self-retaining catheter 
should be inserted and retained dmlng the time that the radium is in 
position. In this way the bladder and bowel can be kept at a distance 
from the focus of the gamma rays and out of harm’s way. Appropriate 
packing off of the vaginal walls by gauze soaked in flavine or other anti- 
septic is also employed. If a flat vaginal applicator is emploj^ed, the 
long diameter of the box should be placed transversely in the pelvis and 
never anteroposteriorly. In this way not only is excessive anterior 
or posterior radiation avoided but the lateral fornices and bases of the 
broad ligaments receive the maximum radiation. Similarly when 
needles are employed they should not be canaed too far toward the 
anterior or posterior fornices. 

Ovarian Neoplasms.— At the Eighth British Congress of Obstetrics 
and Gynecology which was held at Glasgow in April, 1931, there was 
presented a very interesting and complete symposium upon the subject 
of ovarian neoplasms. The contribution which Blair Bell (J. Ohsf. 
and Gyncc. Brit. Emp., 1931, 38, 249) made to this meeting was con- 
cerned with the pathology and clinical features of these tumors. He 
stated that the relation of age, parity and other points in the histories 
of the patients and the frequency of unilateral and bilateral neophisms 
are W’orthy of note but they show little difference between innocent 
and malignant neoplasms. The difficulty in diagnosis arises most 
commonly in respect to bilateral tumors of a solid or papillary nature. 
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esjjecially as free fluid is often associated with both the innocent and 
the malignant. The points to consider are : . the presence or absence of a 
primary malignant gi'owth, masses in the liver, occurrence of adhesions, 
age and general condition of the patient. Ascites depends on whether 
the tumor is sufficientlj'^ free and out of the pelvis to irritate the peri- 
toneum or whether there are implantations in tlie general peritoneal 
cavitjL The only treatment considered is surgical. Innocent tumors 
require removal but an effort should always be made to conserve some 
normal ovarian tissue. In malignant ovarian disease he is of the opinion 
that Roentgen rays and radium do more harm than good while chemo- 
therapy with lead may help but it is usually combined with surgery. 
If the tumor rises above the pelvic brim, laparotomy is advised but 
attention is drawn to the advantage of the vaginal route for removing 
cysts in the true pelvis during pregnancy. Long incisions are favored 
for the larger cystadenomata in people of middle age, owing to the 
possibility of malignarlt disease and adhesions, winch are more easily 
separated if the cyst is untapped. He states that it is essential to remove 
the uterine fundus and both adnexa in all doubtful cases even if local- 
ized to one side. 
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The Eye Symptoms of Brain Tumors.— According to Stahli 
{Scinvcizer. med. IVchnschr., 1931, 61, 702) subjective and objective 
eye changes are of frequent occurrence and of great diagnostic impor- 
tance in patients with tumors of the brain. Choked disks are found 
in about SO per cent of cerebral tumors and in about 90 per cent of 
cerebellar and cerebello-pontine angle tumors. Patients with clioked 
disks may complain of transient obscurations of vision, but central 
vision usually remains good, often for months. It fails earlier in cere- 
bellar than in cerebral tumors. Choked disks are less frequent in 
metastatic than in primary tumors of the brain. In tumors of the 
hypophysis, simple descending optic atrophy is more frequent than 
choked disks. Homon^TOous hemianopsia occurs in about one-fifth 
of all cerebral tumors. In almost half tlie cases it is caused by a le.sion 
involving tlie occipital lobe. In the rest, some otlier part of the optic 
tract is afi'ected. Quadrant hemianopsias are seen less frequently m 
brain tumors than in softenings following thromboses or hemorrhages.. 
Bitemporal hemianopsia is the result of a lesion involving the optic 
chiasm and is the classical sinuptom of tumor of die hypophysis. 
Rinsal hemianopsia is seldom found since a bilateral lesion in the region 
of the chiasm would be necessary for its production. 
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Nystagmus is seen much more frequently in tumors of the cere- 
bellum, of the cerebello-pontine angle, and of the fourth ventricle than 
in those of the cerebrum. Paralysis of the sixth nerve is more frequent 
in brain tumors than paralysis of the third. Supranuclear lesions of the 
nerves to the eye muscles are characterized by conjugate paralysis or 
conjugate deviations. Lateral conjugate paralysis is most common in 
tumor of the pons. Vertical conjugate paralysis is characteristic of 
lesions of the corpora quadi-igemina and the pineal body. Considera- 
tion of the neighborhood signs is often necessary to determine whether 
the involvement of the third or sixtli nerve is at the base of the brain 
or in the nuclear region. Pupillary changes are not of much value in 
the diagnosis of brain tumors with the possible exception of lesions in 
the peduncles or corpora quadrigemina. The fifth nerve is involved 
most frequently in tumors of the pons and cerebello-pontine angle. 
Usually the motor portion is not affected. Neuroparalytic keratitis is 
sometimes associated in tumors of the pons, but rarelj’- in angle tumors. 
Exophthalmos is seen in about 8 per cent of tumors of the anterior 
and middle fossa and usually means invasion of the orbit. Occasion- 
ally an isolated metastasis in the orbit has been found to be the cause 
of the exophthalmos. Aphasia and alexia are focal symptoms of a 
circumscribed lesion of the cerebral cortex, usually on the left side and 
most often in the occipital lobe. 

In tumors of the cerebrum, choked disk occurs in about SO per cent, 
simple optic atrophy in about 1 per cent. Vision usually remains good 
for a long time. Choked disk is most likely to be absent in tumors of 
the motor region of the cortex, of the convexity of the hemisphere, of 
the corpus callosum, and of the base, especially metastatic tumors. 
Tumors arising from the meninges are less apt to cause choked disks 
than are tumors in the brain substance. Hemianopsia is seen in about 
one-fifth of the cases and is usually homonymous. In one-half of the 
cases with hpmonymous hemianopsia, the tumor is situated in the 
occipital lobe and in these, visual hallucinations, aphasia or alexia are 
apt to lie associated. Homonymous hemianopsia may also be caused 
tlrrough injury to the optic tract by tumoi-s at the base, in the internal 
capsule, or in the basal ganglia. Eye muscle disturbances occur in 
about one-third of the cases, and usually mean a basal lesion. The third 
ner\’e is more frequently involved tlian the sixth. Conjugate paralysis 
and nystagmus are rare. Isolated fourtli nerve paralysis is very rare 
and usually points to a lesion of tlie corpora quadrigemina or the pineal 
region. Involvement of the fiftli nerve is rare and is confined essential!^- 
to tumors of the base. Exophthalmos is rare. 

In cerebellar tumors, clioked disks occur in about 90 per cent of the 
cas(>s and reduction of vision takes place earlier and is of higher degree 
than in cerebral tumors. Hemianopsia, aphasia and visual hallucina- 
tions are not seen except occasionally as secondary pressure effects. 
Nystagmus and ocular muscle disturbances are much more common 
tlian in cerebral tumors. Usually tlie sixth nerve is involved, more 
rarely the third; occasionally there is conjugate paralysis or conjugate 
deviation. The fifth nerve is somewhat more frequently involved than 
in cerebral tumors. Loss of corneal reflex is frequently an early symp- 
tom. Neuroparalytic keratitis is infrequent and exophtlialm'os is 
practically never seen. 
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In tumors of the h;)T3ophysis, simple optic atrophy, bitemporal hemi- 
anopsia and third nerve paralysis are the characteristic findings. Choked 
disl^ occur in 'about 20 per cent of the cases without acromegaly and 
less frequently in the cases with acromegaly. Simple optic atrophy is 
about tttdce as frequent as choked disk. Bitemporal hemianopsia is 
found in more than 50 per cent of the cases. Paralj'sis of tlie third 
nerve occurs in about one-fifth of the cases without acromegaly and in 
one-tenth of the cases with acromegaly. Nystagmus and conjugate 
paralysis do not occur. Some of the cases with acromegaly show thick- 
ening and lengthening of the lids, occasionally witli edema, papilloma- 
tous formation, or abnormal pigmentation and e.xophthalmos. 

Tumors of the pons are most frequently solitary tubercles, gliomas, 
or gliosarcomas and are seen often in young people. Choked disks are 
found in only about one-third of the cases and often not until the late 
stages. Sixth nerve paralysis occurs in about four-fifths of the cases, is 
often bilateral, and often accompanied bi"^ facial paralysis on the same 
side. In about one-half the cases, crossed hemiplegia is present. The 
most characteristic symptom is lateral conjugate paralysis, sometimes 
bilateral, which occurs in about one-third of the cases, especially when 
accompanied by crossed hemiparesis, or a complete homolateral facial 
paralysis. The tliird nerve is less frequently involved. I^Tien present, 
along with crossed hemiparesis (Weber’s syndrome), the tumor has 
involved the peduncle or the third nerve nucleus. Complete facial 
paralysis occurs in about one-half the cases — most frequently it is 
associated with crossed hemiparesis (Millard-Gubler syndrome). In- 
volvement of the fifth nerve is frequent but never isolated. lATien 
accompanied by facial paralysis, neuroparalytic keratitis is apt to occur. 
Nystagmus is not seen. 

In tumors of the fourth ventricle, choked disks and nystagmus are 
more frequent than in tumoi-s of the pons. In acusticus tumors, choked 
disks are seldom absent. Nystagmus occurs in about ope-third of the 
cases usually with associated cerebellar signs such as ataxia and vertigo. 
The facial nerve is involved in about one-half the cases. Fifth and 
sbctli nerve paralysis occurs in about one-fourth of the cases. In 
tumors of the peduncle, often tuberculous, choked disks are. rare. 
Most characteristic is tliird nerve parah'sis with contralateral hemi- 
plegia (Weber’s syndrome) or contralateral tremor (Benedikt’s syn- 
drome). Tumors in the tegmentum cause oculomotor paralysis Mth 
crossed hemianestliesia, and tumors in the fillet, oculomotor paralysis 
with crossed ataxia. 

Tumors of the corpora quadrigemina and pineal region are charac- 
terized by paralysis of elevation and depression of tlie eyes, vertical 
conjugate paralysis, which is present in about one-fifth of the cases. 
The third nerve is sometimes involved, sometimes bilaterally; less 
frequently the fourth or sixth. In about one-fourdi of the cases the 
facial nerve is affected, usually only in its lower branches. Nystagmus 
is not infrequent. Choked disks occur in about three-fourths of the 
case.s. Involvement of the acoustic nerve is often an important sign. 

Christian’s Syndrome. — The syndrome characterized by exophthal- 
mos, diabete.s iiisipidu.s and defects in incnibranoiis bones (Christian s 
syndrome) has been described in about 25 cases under various names. 
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vh., x;m(]i<)iu{ilo.si.s, lipemic (lia])ctcs, Niemami-Pick’s disease and 
Gaiidier’s disease. Idle clinical features of the syndrome arc as variable 
as the liistologic picture wliich has been described under such names 
as sarcoma, myeloid-sarcoma, myeloid-endothelioma, myxoxanthoma, 
granuloma, giant cell tumor and giant cell sarcoma. Jason and 
Abraham {Am. J. OiMhalmol., 1931, 14, 1146) have observed the 
course of the disease in a child aged 3 years and 3 months, normal at 
birth and of healthy stock, who had proptosis of the right eye for at 
least 19 months; who had lesions of the bones of the skull, shown by 
Roentgen ray, for at least 14 months, had loose teeth and gingivitis, 
urine negative, blood cholesterol at the upper limit of normal. The 
lesion improved under radium treatment. 
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Regarding Morphological and Functional Changes of the Internal Ear 
in Arteriosclerosis. —Based on a study of microscopic sections, func- 
tional records of hearing, clinical data and autopsy protocols, Fabinyi 
{Laryngoscope, 1931, 41, 663) reported the findings in 26 cases of clini- 
cally diagnosed arteriosclerosis— all of which were confirmed at autopsy. 
Nineteen were males. The ages ranged from 47 to 78 years; 15 were 
over 60 years of age. In addition to changes in the large vessels else- 
where, the majority showed sclerotic changes in the internal carotid 
and cerebral arteries. Recognizing arteriosclerosis and “presbyacusia” 
as normal human involutionary circumstance, tlie author found that 
in most instances of marked arteriosclerosis the loss of hearing was 
greater than in persons with moderate arteriosclerosis; and was usually 
accompanied by more or less atrophy of the spiral ganglion, tlie nerve 
fibers in the osseous spinal lamina and the organ of Corti in the basal 
coil. In the small bloodvessels of the meatus and modiolus the changes 
consisted of proliferation of intima and subendothelial tissue, hyper- 
ti’ophy of internal elastic lamina and medial thickening. 


Local Lesions in Diphtheria and Their Significance in the Generalized 
Infection, — Excepting B. tetani, no microorganism patliogenic for man 
can do so much harm by elaborating a soluble to.xin from its local point 
of attack tlian B. diphtherise. So much so that the Klebs-Loeffler 
bacillus has come to be regarded virtually as noninvasive or at most 
only of a feeble local inA-asiveness; and that the real damage to tlie 
humaii organism results from the systemic dissemination of its powerful 
exotoxin. Even so, tlie local pathologico-anatomic features, and to a 
degree the intensity of tlie generalized manifestations, of clinical 
diphtheria can be influenced b^' several otlier well-known factors; not 
the least of whicli is en\'ironment. 

For instance, ns ICiKcn {Zfschr. f. Laryngol, Rhinol, 1931, 20, SI) 
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points out tliat tlie pseudomembranous lesion caused by B. diplitlierife 
is usually less deep and adherent on ciliated columnar epithelium (nasal, 
laryngoti-acheai) than on tlie more commonly involved stratified 
squamous epithelium of the oropharynx. In other words, less bacillary 
invasion occurs on ciliated epithelium. From his observations, the 
author goes on to state that: (1) diphtheria bacilli do not multiply as 
freely in the blood stream as streptococci or staphylococci; (2) that 
the disappear from the blood when the local pseudomembrane begins 
to separate; and (3) Klebs-Loeffler bacilli were found not infrequently 
in myocardium, kidney, spleen and liver of fatal cases; but not in 
the nervous tissue. He admits, however, that in many instances no 
B. diphtherise were encountered in degenerated heart muscle. 

Abstractor’s Comment. Excepting in tlie ovenvhelming infections 
of the agonal period, it is difficult to establish that bacteria actually 
multiply in the blood stream — even so notoriously invasive forms as 
anthrax, pneumococci, streptococci, etc. Experimentally, it is well- 
known that the blood tends to rid itself promptly and tiboroughly of 
enormous doses of pathogenic microbes. All the characteristic cardiac 
lesions of fatal human diphtheria can be reproduced in the experimental 
animal by injecting bacteria-free diphtheria toxin. 
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Chemical Effects of Roentgen Rays. — A large number of dyes were 
exposed by Clark and Fitch (Radiol., 1931, 17, 285) to Roentgen rays 
under tlie same conditions of irradiation, to determine, if possible, some 
of the general types of structures giving good msible color changes. 
Some of those showing tlie most promise from the point of view of 
stability and degree of color change were the triphenyl methane, 
alizarin, thrazin and indigo types. The magnitude of the field is such 
that in all probability the color most suitable as an intensity indicator 
has not yet been found. 

Unrecognized Vertebral Fracture versus Kummell’s Disease. — ^Tlie 
diagnosis of Kummell’s disease, or tr.aumatic spond^ditis, is being made 
by roentgenologists with increasing frequency, to the consternation of 
insurers and industrial accidents boards, often on the unsupported 
emdence of a solitary wedge-shaped vertebra. The author states tliat 
the cause is always trauma, eitlier by^ direct force against the spine or 
the impaction of a heavy object on the shoulders and neck. Severe pain 
in the affected portion of the spine follows but gradually disappears. 
After a somewhat longer time severe pains recur and motor and sensory 
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symptoms appear. Still later a definite kypbos and gibbus results. In 
tiic opinion of O’Brien {Radiol., 1931, 17, 661) what ICnmmell lias 
described is unrecognized, hence untreated, fracture of the spine, and 
presents roentgenograms of illustrative cases. 

Traumatic Arthritis.— The most important physiotherapeutic mea- 
sure for traumatic artlu’itis , is rest, according to Key {Arch. Rhys. 
Theray., X-ray, Rad., 1931, 17, 550). Complete rest may be effected 
’by plaster casts, but it must not be continued indefinitely. Partial rest, 
obtained by supports of elastic, leather or metal, or by protection from 
strain, such as may be accomplished by altering the shoes or con-ecting 
the posture, is often of benefit. Heat, massage and manipulation are 
popular. Heat and massage relieve pain temporarily and are grateful 
to the patient, but there is no evidence that they are other^vise beneficial. 
Manipulation is dangerous, and if used injudiciously may keep a joint 
sore for many months and result in permanent harm. 

The Diagnosis and Treatment of Intestinal Tuberculosis. — For the 
diagnosis of intestinal tuberculosis, Watson and Callander {Arch. 
Rhys. Theraj)., X~ray, Rad., 1931, 17, 532) consider the roentgenologic 
examination as most important, and they follow the technique of 
Brown and Sampson, but often employ' the opaque enema in addition 
to the ingested meal. In the treatment they emphasize the importance 
of absolute rest in bed. The diet is modified, and the ‘'smooth diet” of 
Alvarez is often prescrilied. Cod-liver oil is given after each meal in a 
dose of 1 tablespoonful in 3 ounces of tomato juice, served cold, or in 
orange juice. Solar radiation and the ultraviolet lamp are emploj^ed 
interchangeably. The lamp is used cautiously and a dose of 30 minutes 
each to back and front at a distance of 30 inches is never exceeded. 


Diathermy of the Rectum and Pelvic Colon.— Soper {Arch. Rhys. 
Thcrajo., X-ray, Rad., 1931, 17, 545) regards diathermy as the treatment 
of choice for precancer ous polyps, early cancer that projects into the 
bowel, and simple and tuberculous ulcers of the rectum and pelvic 
colon. In late inoperable cancer the visible growth can be destroyed 
and bleeding checked by tliis means. Adenocarcinoma is b;)’^ far the 
most common growth encountered in the rectum and pelvis. The author 
has destroyed eight such groivths in the past 3 yearn by diathermy with- 
out recurrence. Simple ulcers heal quicldy. Tuberculous ulcer involving 
the anal canal responds well to tlie bipolar method. 


Yeast Infection of the Lungs.— Yeast mold infection is rare and usu- 
ally attacks the skin, according to Healy and Morrison {Am. .7. 
Roniiycnol. and Rad. Therap., 1931, 26, 40S), but it sometimes gains 
entrance into the body and produces tubercles, tissue destruction and 
ab.sccss formation in the lungs, spleen or kidney, and occasionally attacks 
the meninges and brain. The disease aftects all ages, but is found most 
often after middle life. Blastomycosis is practically confined to Illinois 
and is found in and about Chicago. Coccidioidal granuloma occurs 
jirincipally in California and this is also true of torulosis. lu mild cases 
of yeast infection of the lungs the general condition of the patient is 
good; tlie sputum is mucopurulent, often scanty, and contains no blood; 
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pliysical examination is negative or reveals only a few rales; the condi- 
tion inaj' last for weeks or months and go on to spontaneous cure or 
turn into the severe type. The severe type closely resembles phtliisis. 
Tlie patient becomes emaciated, has a hectic fever, and the expectora- 
tion is often hemorrhagic. At times the sputum has a yeasty odor. 
The roentgenologic picture is similar to that of tuberculosis. The 
diagnosis, is based on the absence of tubercle bacilli and the presence of 
yeast cells in the sputum. It is essential that the sputum be collected 
in sterile receptacles after the patient has gargled with warm sterile 
water, and the specimen must be examined immediately. The authors 
have observed 5 cases. In the first case, their attention was attracted 
by the disparity between the appearance of the patient and tire extent 
of the lesion shown by the roentgenograms. From the roentgenogram 
he shoxdd have been very ill, but he was only a little below par. Sac- 
charomyces busse was foimd in the sputum. The 4 other cases clinically 
followed a course similar to tuberculosis, and this was the tentative 
roentgenologic opinion in several. The yeast fungi found in all cases 
were of the Blastomycetes imperfecti class, of the genus Oidium. 
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Inheritance of Mental Characteristics. — East {Mental Hygime, 1931, 
15, 45) states tlrat normal mentality and feeblemindedness are a pair 
of conti’asting unit characters inherited as if the difference beriv'een 
them were due to a single unit of heredity, a single gene. Thus the 
basis upon which the geneticist constructs his concept of the inheritance 
of mental attributes is obvious. Inheritance in man has been found 
to be tire same as in any other sexually reproducing organism. And 
there is plenty of evidence to show that mental traits are transmitted 
in precisely the same manner as other traits. The normal variability 
in general intelligence and in special aptitudes, which is shown in every 
population group, is intelligible only on the assumption that a limited 
number of genes have varied into what one may call the plus and minus 
types. It is impossible to determine the number of such mutations 
because genes are not unite in tlieir action; one particular gene may 
have 100 times as much influence in altering intelligence as some other 
particular gene. Yet it is unnecessary to postulate mutations in any 
great number of genes to account for the variability in human mentality 
that is actually observed. From 20 to 40 mutations would be ample. 
Twenty plus and 20 minus genes affecting mentality would give the 
opportunity for over 1 million gene patterns in the germ cells. Theoret- 
ically, it would be possible for any one of these genes to mutate to a 
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type that would produce a breakdown in the mental machinery. Under 
such conditions normal mentality and defective mentality would behave 
as so-called unit characters in crosses; that is to say, they would behave 
as if the difference followed the distribution of a single gene. And the 
defective mentality could exist in numerous grades, due to action of 
the other genes- that go to make the physical basis of the mind; just as 
normal mentality can exist in numerous grades for similar reasons. 

Contribution to the Differential Diagnosis of Epileptic Disorders. — 
Baum (MimcJicn. med. Wchnschr., 1931, 78, 25) presents a patient m 
whom the symptoms had been regarded for years as due to an idio- 
pathic epilepsy, despite the late age of onset of attacks. The mildness 
of the original head injury and the symptomless interval of 2 years 
allowed the traumatic basis to be overlooked. The patient was a man, 
aged 38 years, who, while serving during the World War in the Land- 
wehr, was admitted to a hospital in November, 1914, on account of 
head wounds from a hand grenade. Minor injuries of the right cheek 
and lower jaw were present and the patient was discharged by Christ- 
mas. He returned to the line where he remained perfectly well until 
July, 1917, when he suffered from an epileptic fit. He remained under 
medical observation at various hospitals during the next 8 months and 
was finally discharged from the army in March, 1918, with a pension 
of 331 per cent. Epileptic attacks of a mild character continued, at 
intervals varying from If to 4 weeks, being more frequent when he 
worked hard. As he had injured himself on many occasions, he found 
difficulty in obtaining employment and in August, 1930, he sought an 
increase in the amount of his pension. He was accordingly admitted 
to a hospital, where no neurologic abnormality was detected. His 
mentality Avas characterized by dullness, slowness of cerebration, in- 
attention and irritability. One or two insignificant scars were appar- 
ent over the cheek and right side of the head. A Roentgen ray revealed 
a large number of small, irregular metallic splinters embedded in the 
soft tissues of the right side of the face and in the right hemisphere. A 
number lay in the region of tlie scalp wound, and two larger fragments 
were visible in the depths of the right parietooccipital lobes. 


A Pathologic Contribution to the Concept of Neurosomatic Deteriora- 
tion in Epilepsy, With Record of Two Cases.— Hodskins and Yakovlev 
{ybn. J. of PsycMat., 1931, 10, 663) present 2 cases which clinically, 
seem quite different; hoAvever, both show tlie same essential features: 
epilepsy and the symptomatologic pattern of neurosomatic deteriora- 
tion. In the first case, that of a child, deterioration developed more 
rapidly and was more destructive, in 9 years leading to the ultimate 
stage of neurosoinatic deterioration, viz., profound dementia and cerebral 
flexion paraplegia. ' In the second case, that of a man aged 66 years, 
Avith late epilepsy, the neurologic picture characteristic of neurosomatic 
deterioration dcA'cloped more sloAvly, Avas not so dramatic, and tlm 
symptomatologic pattern AA'as one tliat could be identified Avith arterio- 
sclerotic Parkinsonism. Pathologically, in both cases Avas found evi- 
dence of a primary vasculiir cerebral lesion, Avhich Avas, in the first case, 
an acute lesion, viz., mcningioencephalitis; in the second case, a chronic 
lc.sion, viz., cerebral arteriosclerosis. In both the primary pathologic 
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lesion was the starting point of the same chronic degenerative process 
affecting principally the frontal cortex (third layer and basal ganglic 
pallidum and peduncular hypothalmic formation). This last clu-onie 
degenerative and atrophic secondary process seems to be tlie most plaus- 
ible cause of the clinical symptoms of neurosomatic deterioration. The 
predominant localization of tliis process in the third layer of the cortex 
and the globus pallidus appears to agree with the fundamental features 
of the clinical syndrome which was manifested by disturbances in the 
psychomotor sphere, viz., dementia and progressive rigidity. 

Epilepsy as an Exaggerated Form of Normal Cerebral Inhibition. — 
Rosett {Am. J. of Psychiat., 1931, 10, 673) states that the phenomena 
of the seizure, whatever the indirect underlying cause may be, are 
directly caused by tliat process of interference of nerve impulses, with 
the result of their mutual extinction, which is known as inhibition. 
Such inhibition is in itself a normal process, to which the phenomena 
of thought, imagery and dreams owe their existence. Even under 
normal conditions tliere is a wide range in the degree of facility with 
which cerebral inhibition takes place, thus making for the fact that 
some persons can exert their powers of attention with greater intensity 
than can otlier persons. Any condition tliat will disturb the chemical, 
physical or mechanical balance of the nervous system, may result in a 
acilitation of the normal process of cerebral inhibition, with the appear- 
ance of epileptic seizures as a result. 
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Tumors of the Suprarenal Gland With Special Reference to Carci- 
noma of the Cortex; Report of a Case. — Meyer and Frummes {Arch, 
hit. Med., 1931, 48, 611) have presented a case of a girl, aged 13 years, 
who suffered from a malignant tumor of the suprarenal cortex, and who 
exliibited some of the characteristic symptoms of the genito-suprarcnal 
syndrome seen with tumors of tlie suprarenal cortex with neoplastic 
tendencies. The case report is followed by a review and discussion of 
the subject Avitli special reference to the diagnostic symptoms composing 
this syndi'ome, and the prognosis and the ti-eatment of such cases. 
Another section of tlie paper deals witli the pathology of tumors of the 
suprarenal gland. 

Tumors of the Heart and Pericardium: Pathology, Symptomatology 
and Report of 9 Cases.— -Yater {Arch. hit. Med., 1931, 48, 027) pre- 
sents a comprehensive review of tlie subject of primary and secondary 
tumors of tlie heart and pericardium; and points out that these tumors 
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are rare and the majority are without symptoms and are therefore of 
interest only to the pathologist. He discusses the symptomatology 
under these two headings; clinical types not suggestive of tumor of the 
heart; and clinical types suggestive of tumor of heart. _ Over 150 cases 
of primary tumors of the heart have been reported in the literature 
and about 20 per cent of these were malignant. “Primary tumors of 
the heart are myxoma, fibroma, sarcoma, rhabdomyoma and less com- 
monly lipoma, endothelioma and a few rare forms. Varices occur in 
the Ixeart, and nodular leukemic infiltrations are occasionally seen.” 
Primary tumors of the pericardium are usually sarcoma or lipoma. 
Secondary tumors of the heart show a great variation in type, size and 
distribution; the lesions are usually carcinomatous or sarcomatous. 
The- primary growth may occur in any organ. The author gives a 
detailed report of 9 cases of tumor of the heart and mentions 2 addi- 
tional cases of later observation. 


On the Susceptibility of the Gopher (Citellus Tridecemlineatus) to 
Mycobacterium Tuberculosis.—FELDMAN (Am. J. Path., 1931, 7, 139) 
reports that with the use of original strains of the Mycobacterium 
tuberculosis derived from human bovine and avian sources, using eitlier 
the subcutaneous, intraperitoneal or intravenous routes of injection, 
he succeeded in infecting the striped gopher with each of the three 
bacillary forms. The animals died at intervals of from 36 to 78 days; 
or were sacrificed from 40 to 91 days after inoculation. Definite lesions 
of tuberculosis were observed as a consequence of each of the three 
forms of the tubercle bacillus. The animal appears to be more sus- 
ceptible to the human and bovine types of the tubercle bacillus than 
to those derived from avian sources. The degree and extent of infec- 
tion varied with the route of inoculation, being most pronounced in 
the animals inoculated intravenously. The histopathology of the 
lesions produced by the three types of tubercle bacillus in this animal 
is essentially of the same character. It is interesting that tliis animal 
is, to some degree at least, susceptible by the ordinary routes of injec- 
tion to the avian strain. 


Silicosis and the Effect of Silica on the Growth of the Tubercle 
Bacillus.— The Avell-known fact that patients with silicosis practically 
always succumb to pulmonary tuberculosis makes particularly interest- 
ing the cultural results of Price (Proc. Exjicr. Biol, and Med', 1931, 28, 
819) who reports that the addition of 1 cc. of sodium silicate or silicic 
acid, standardized to contain 1 mg. silica, to every 100 cc. of modified 
Dorset’s egg medium enhances the growth and 'development of the 
tubercle bacillus in the test tube. This is apparent by a lessening of the 
latent period and a gi-eater luxuriance of growth. The stimulating 
effect of these silicon compounds is continuous throughout the whole 
period of growth. ^ These observations cover 20 initial cultures of the 
tubercle bacillus, isolated indirectly' through guinea-pig inoculation or 
directly from human sources as urine, sputum, pus, cerebrospinal fluid, 
and in one instance ascitic fluid. Colonies have been observed in 6 to 9 
days; gi-owth continues rapidly, and in some instances can be considered 
luxuriant in 3 weeks, or even less. 
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Idiopathic Fevers and Agglutination Tests With Brucella Abortus 
Antigen.— From a study of a large number (3716) of blood serums made 
in the various Public Health Laboratories of the State of New York. 
BaynEtTones (Am. J. Pub. Health, 1930, 20, 1313) in a search for 
unsuspected cases of undulant fever found that 64 (1.72 per cent) 
gave agglutination with Brucella abortus antigen in a dilution of 1 in 
100 which was considered diagnostic. In 10 cases of typhoid fever tlie 
serum gave agglutination reactions using this same antigen in dilutions 
of 1 in 10 to 1 in 40 — not diagnostic. On the other hand 180 specimens 
from patients suspected of having typhoid fever were entirelj' negative. 
The result of this study seemed to indicate a fairly high degree of specific- 
ity for the reaction. Farming and occupations associated with farming 
and cattle raising were those most frequently correlated with positive 
reactions for undulant fever in this series. It is suggested that valuable 
information will be obtained if this test is done routinely on the serum 
of patients suffering from obscure and periodical fevers, arthritis, abdom- 
inal and intestinal disorders as well as of cases suspected of having 
typhoid fever or tuberculosis. The widespread occurrence of the dis- 
ease in New York State would suggest that this disease should be 
thought of in all febrile conditions. 
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A Bacteriologic Study of “Colds” on an Isolated Tropical-Island 
(St. John, United States Virgin Islands, West Indies).— Mil-aji and 
Smillie (J. Expcr. Med., 1931, 53, 733) report investigations whicli 
form a part of a study of colds in isolated communities under diflerent 
environmental conditions. Previous studies have been made in iua- 
bama and Labrador, and this third group was conducted in St. Jolm, 
one of the Virgin Islands. Two arresting facts were noted in the las 
studies: (1) The mild type of colds that were encountered; (2) tie 
constancy and uniformity of the bacteriologic flora of the nasopliar.i nx. 
If tlie previous studies in Labrador and Alabama are considered m 
conjunction with the St. John studies, it is noted that certiun flora o 
the nasopharynx are found consistently in uniform numbers in a 
areas. The results suggest that colds are incited by some spcei ic 
agent with which we are not as yet familiar. They suggest also la 
the secondary and more severe symptoms associated with colds maj 
be due to certain aerobic flora commonly found in the nasop lar^ n.v 
Types of pneumococci which are virulent (to white mice) am rt 
Pfeiffer’s bacilli requiring both V and X substance (and forming im o 
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seem to be of ])artieuljir impoj-tance in these secondary infections. Tiie 
studies indicate tliat the specific agent Avliich initiates colds is infectious 
in nature, and spread by direct contact, witli an incubation period of 
1 to 3 days. There is strong evidence that environmental factors, par- 
ticularly reduction in atmospheric temperature, have some influence 
upon the incidence of colds. The investigations indicate that colds are 
less common and much less severe in the tropics than in the temperate 
zone. The basic nasopharyngeal flora in normal persons in St. John 
is similar to that of normal persons in Labrador and Alabama, Pfeiffer’s 
Ijacilli are much less common in St, John than in the temperate zone. 
Hemoljdic staphylococci are prevalent in the tropics, hemolytic strep- 
tococci are rare. Pneumococci are prevalent in St. John but are aviru- 
lent. Fixed Types I, II and III are rare. The basic nasopharyngeal 
flora in St. John was quite constant throughout all seasons and in all 
groups of people. No change occurred in the nasopharyngeal flora in a 
group of persons who developed colds. The seasonal incidence curve 
of acute colds in St. John v^as a replica in miniature of the same curve 
for the United States. No colds occurred during the very warm period 
from June to October. An epidemic of colds in December was coinci- 
dent with a slight but abrupt drop in atmospheric temperature. 


Points to be Considered in Case of a Poliomyelitis Epidemic. — 
Leake {U. S. Pjtb. Health Rep., 1929, 44, 1819) considers 3 weeks a 
suitable period of quarantine, especially since the patient needs rest 
for that period. He regards healthy, acute, rather than chronic carriers 
as the most usual means of spread. Diminishing human contacts in 
general is advocated, but the closing of places of assembly is not advo- 
cated under ordinary conditions. Organization for treatment of 
preparalytic cases by convalescent serum is important, but it is pointed 
out that the method is still on trial. With respect to after treatment 
tlie following is said: Probably tlie greatest good that the State 
Department of Health can do is in the prevention of deformities and 
crippling as an aftermath of recognized paralytic cases. The early 
treatment should certain be under tire control of the local physician. 
In connection witli the circularization and publicity, to aid in the early 
diagnosis, emphasis should be placed on the necessity of absolute and 
prolonged rest in bed, in a position to forestall and prevent any ten- 
dency to deformity, by fixation if necessary. There comes a time in 
practically every case, however, and it may come very soon, when the 
proper care becomes too irksome for the family to carry on without the 
moral support and stimulus of some such agency as a consultant ortho- 
pedist with nurses or physiotlierapists particularly skilled and trained 
in this disease; and it is a rare family which can afford the expense of 
such prolonged, continuous and special skill unless the treatment is 
supervised \mder some such auspices as tliose of the state or municipal 
department of health. Adequate hospitalization of these cases is out 
of the question. 


The Pjrrogenic Reaction to Concentrated Antipneumococcus Serums, 
with Respect to Certain Serum Constituents. — Felton and Kauffjiann 
{J. Exp. Med., 1931, 49, 337) studied the nature of the protein with 
winch antibody of the pneumococcus obtained from immune horse 
scHim is associ.ated to find, if possible, any differences that may exist 
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lietweeii preparations that are satisfactory on intravenous injection and 
those that produce chills or other untoward reactions. From the 
results of the in^’estigations with preparations made by tlu-ee different 
methods, the authors draw the following conclusions: (1) ChDl-pro- 
ducing lots still contain some material precipitable at a pH value of 
from 4.S to 5.2 in a neutral salt concentration which is about one- 
twentieth normal, whereas under these conditions good preparations 
contain but little. (2) Cloill-producing lots have a slightly higher 
phosphorus and perhaps a. higher lipoid content tlian good ones; the 
differences are so slight, however, as to indicate that the residuum of 
these agents in the final preparations may not be responsible for pjno- 
genic action. Unsatisfactory preparations contain more ammonia and 
nonprotein nitrogen than do those tliat are suitable for intravenous 
injection. 


The Movements of Epidemic Meningitis, — 1915-1930. — Hedrich 
{U. S. Puh. Health Rep., 1931, 46, 2709) reviews some of the general epi- 
demiologic characteristics of epidemic meningitis, and the recent 
movements of the disease as to time and place. The available evidence 
indicates that during epidemics surprisingly large proportions of the 
population may at one time or another become infected with the men- 
ingococcus. Under highly congested conditions, as in army camps, it 
appears that practically the entire population may become infected 
once or oftener during epidemics. Probably far less than 1 per cent 
of such infections result in clinical attack, as annual attack rates in 
excess of 1 per 1000 population are rare. The case fatality, however, 
is heavy; approximately one-half of the reported cases died during 
recent epidemic, in spite of fairly widespread use of serum. Meningitis 
became increasingly prevalent in Europe shortly after the opening of 
the World War, and in the United States shortly after her entry, when 
mobilization began. The highest attack rates in England came in 
1915 and in the United States in 1918. In 1928-1930 the disease was 
again epidemic in most parts of the world. The interval between tlie 
last two epidemic maxima was 11 years in the United States and a few 
years longer in most European countries. The interepidemic interval 
is highly variable. It has oftenest been 6 to 12 years, but some areas 
have run as long as 25 years rvithout epidemics. Massachusetts, for 
example, has had no appreciable epidemic since about 1905, and New 
York City only a minor one, namely, in 1928-1930. Over broad areas, 
such as large groups of states, epidemics have appeared, not as sporadic 
explosions but as crests of rather smooth and systematic waves, the 
rising and declining phases of w’hich have covered a period of 3 to o 
years or longer. Within smaller areas, such as individual cities, the 
movements of the disease have been less systematic. Neitlier of the 
last tw'o epidemics was synchronous in different parts of the XJmted 
States, some regions having lagged 2 years behind others. The time 
rate of epidemic development within specific areas and the rate of geo- 
graphic movement are very much slower for meningitis than 
enza. In the 1918 epidemic the reported attack rates were lugnes 
in tlie southern sections, probably due to the large number of mihtarj 
concentration camps; the Bocky Mountain States had the lowest rates. 
In the 1928 outbreak the Southern States had tlie lowest and the Alouri- 
tain States the highest rates. 
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Typhus Fever: The Rat Flea, Xenopsylla Cheopis, in Experimental 
Transmission. — Dyek and liis associate.s '{U. S. Fvb. Ilcolfh Rep., 1931, 
46, 1869) claims tliat on epidemiologic grounds there is an association 
between typhus fever and the liandling of foodstuffs and rats. In the 
present experimental work the tropical rat flea was shown to be able 
to convey typhus infection from one white rat to another. 

Three Outbreaks of Food Poisoning Apparently Due to Bacillus 
Enteritidis, Bacillus Paratyphosus B (Aertrycke Type) and Bacillus 
Paratyphosus A, Respectively.— Geiger and his associates (U. S. Pub. 
Health Rep., 1931, 46, 1565) found the incubation period in each of the 
outbreaks to be 2 to 4 hours, which, together with the relatively short 
duration of symptoms, indicate preformed toxins rather than infections. 
In the outbreak due to B. enteritidis the source was considered as most 
iil^ely to be incompletely cooked veal. In the case of B. paratyphosus 
B infections tlie source was considered to be rice pudding and this was 
probably infected by a commercial rat virus. In the outbreak due to 
B. paratyphosus A a human carrier was the most probable source and 
an egg-shouffle-shrimp mixture was the means of transmission from the 
carrier to the victims. 


PHYSIOLOGY 

PROCEEDINGS OP 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OP MARCH 14, 1932 

Heterochronism in the Sihgle Fiber Nerve Muscle Complex. — ' 
H. Grundfest (from the Eldridge Johnson Foundation for Medical 
Physics, University of Pennsylvania). The question of isochronism 
betu'een muscle and nerve has been studied in the single fiber nerve 
muscle complex of the retrolingual membrane. The single fiber prepa- 
ration has several advantages over the gross preparation. The meas- 
urements obtained are, first of all, free from the statistical averaging 
which occurs when a large number of fibers are used. Also, on direct 
stimulation only the muscle fiber stimulated responds wliile the entire 
motor unit responds to indhect stimulation through the nerve. It is, 
therefore, possible to distinguish very clearly between the two types 
of stimulation. 

The results obtained indicate that the law of isochronism is not 
valid for the retrolingual preparation. Furthermore, Lapicque’s theory 
regarding curarization does not apply to tliis preparation, since curari 
does not affect the chronaxie of muscle fibers. These results are in 
accordance with the work of Lucas and of Rushton. This agreement 
is strengtliened by the fact that compound curves of the k\q)e described 
by these observers can be obtained from the retrolingual preparation. 
In this case, as already pointed out, it can be demonstrated directly 
that a break in the strength duration cur\'e is accompanied by a change 
to a new excitable element. Tlie suppressed portions of the two com- 
ponents of the compound curve are also obtainable. 
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Data have also l)eon ohlainctl which cast cloiiht upon the ^'alue of 
clu’onaxie as a concej)t. The clironaxie is found to vary with size of 
electrode and with structural modification of the excitable tissue. It 
is, therefore, impossible to speak of a definite experimentally measurable 
chronaxie and unwise to apply the chronaxie concept to theoretical 
speculation, 


The Effect of Different Salts on the Swelling of Lipoids.— M. Spiegel- 
Adolf (from the D. J. McCartliy Foundation for Neurological Re- 
search, Temple University). With reference to the important role 
tliat the abnormal swelling of the brain plays in nervous diseases, the 
following experiments were made with the purpose of enabling in vitro 
studies of the effects of therapeutics on lipoids. According to the 
method of ICeeser, the lecithin sols were made out of egg lecithin of 
Merck. The viscosity of such solutions was studied by the method of 
Ostwald. In conformity with the results of Handovsky and Wagner, 
the depressing effect of neutral salts on lecitliin sols could be demon- 
strated. But, while those authors missed any influence of hypnotics 
on the viscosity, it could be shown that the latter was much more 
lowered by tire addition of bromid than by any other neutral salt, in- 
cluding thiocyanate and the salt mixtures used by Pierre Marie in the 
treatment of epilepsy. The results became only more distinct when 
protein was added to the mixture of lecithin sol and salt. Different 
proteins seemed to behave in a different way. The greatest effect 
could be observed in pseudoglobulin. The marked effect of bromid 
on the viscosity of lecithin sols could not be explained by the law of 
Hofmeister, according to which iodin and thycocyanate ions should be 
more efficient. But it could be observed that KI containing some free 
iodin had a greater influence on the viscosity than the pure salt. So it 
was suggested that the effect of the bromid salt was due to the action 
of the oxydized bromin, perhaps on the group of unsaturated fatty 
acid in the lecithin molecule. In fact, measurements of the refraction 
of lecithin and lecithin salt mixtures by the interferometer of Zeiss 
seem to agree fairly well with this hypothesis. It could be demonstrated 
that, while the refraction of a lecithin KCl mixture was almost exactly 
equal to the sum of the interferometric values of the single components, 
addition of KBr and of KI, especially^ when the latter contained free 
iodin, seemed to increase the interferometric value of lecitliin. _ These 
results, which are in conformity with those obtained by the viscosity 
measurements, point to the close relations between chemical and col- 
loid chemical properties in colloids. Preliminary investigations have 
furtlier shown that a reaction of drugs used as h>q)notics with lecitlim 
could be detected by changes of the refraction, wliile they were missed 
in a case in which a poison inducing conxmlsions was added to the 
lecithin sol. 


The Central Mechanism of Tonic Spasms, Rigor and Catalepsy, 
Produced by Toxins. — E. Spiegel (from the D. J. McCarthy Founda- 
tion for Neurological Research, Temple University). The tonic spasms 
follondng extirpation of the parathyroids are observed even after a 
transverse section of the brain stem behind the nucleus ruber and 
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after extii-pation of tlie cerebellum (Spiegel and Nishikawa). The 
spinal cord, medulla oblongata and pons are sufficient for the genesis 
of such spasms. 

The rigor observed in narcosis is only partly due to paralysis of the 
cortex. After one-sided injuries of the motor area, the frontal, or the 
temporal lobe, this rigor is more marked in the extensor muscles of the 
opposite side (Spiegel and Bernis, Spiegel and Hotta). A bilateral 
action of the toxin upon subcortical apparatus is here combined with 
the one-sided increase of the excitability of such mechanisms, due to 
the one-sided cortical injuries. The development of the local rigor 
in tetanus poisoning depends upon impulses from higher centers to the 
spinal cord. This rigor is less marked on the side of a hemisection of 
the spinal cord; in animals (rats and cats) whose corpus striatum had 
been extirpated a form of flexor rigidity develops instead of the extensor 
rigidity, whereas the destruction of the cortex has no such influence. 
(Spiegel and Bruwer.) 

, On the other hand, the increase of tonicity produced by bulbo- 
capnin is influenced by cortical impulses. The injection of this poison 
in cats whose motor area had been destroyed on one side produces 
asymmetries of the posture of the limbs and a torticollis-like posture of 
the head, which are missed after the operation on the cortex alone. 
(Spiegel and Krisch.) 

The diminution of voluntary movements in the so-called bulbo- 
capnin catalepsy is not due to paralysis of the cortex, as the excitability 
of the motor area is not lowered by such doses of bulbocapnin as are 
sufficient to produce the catalepsy. This fact, and the obser^^ation 
that larger doses of bulbocapnin produce symptoms of central, especi- 
ally cortical stimulation (Schaltenbrand, De Jong), lead to the assump- 
tion tliat the bulbocapnin catalepsy is due to a central inliibition, as a 
consequence of weak stimulation of the forebrain. As small doses of 
poisons acting mainly upon the cortex (like small doses of cocain) 
produce, at the most, only very slight cataleptiform reactions, one might 
assume that the catalepsy in bulbocapnin poisoning is due to the action 
of tliis poison, not only upon the cortex, but also upon subcortical 
ganglia of the forebrain. One can bi-eak tlu’ough the central inhibition 
in bulbocapnin catalepsy by the inhalation of CO 2 -O 2 mixtures (Spiegel 
and Kaufman), or by the injection of larger doses of cocain (Spiegel and 
Evrard), thus producing an effect of these poisons similar to that 
observed in stuporous patients. 


The Study of the Heart Action With the Roentgen Cinematograph.— 
W. EnwAnn Ciiambeelain (from the Laboratory of Radiology, Temple 
University). The Roentgen cinematograph, as designed and built by 
by Dr. H. E. Ruggles, of the University of California, is a de\-ice which 
enables us to obtain serial instantaneous teleroentgenograms of the 
beating liuman heart at the rate of exactly 1,5 per second. Such serial 
teleroentgenograms have been photographed onto motion picture film, 
and the resulting cinematographic demonstration is of gi-cat interest 
to the cardiac physiologist. 

Using Dr. lUiggles’ device, we obtained serial roentgenograms of 
normal cases and cases Avith mitral stenosis and mitral regurgitation. 
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By means of careful measurements upon such serial films we have 
plotted the movements of various parts of the cardiac silhouette upon 
a time scale. The resulting curves, which have become known as 
skiacardiograms, are of great interest from the standpoint of the 
physiology and pathology of valvular disease, and a comparison of our 
findings with postmortem studies has suggested that the method is 
capable of being put to clinical use. 

This presentation consists of a demonstration of the motion picture 
of the normal beating heart, followed by a lantern slide demonstration 
of the method of exposing and measuring the films, and a series of 
typical skiacardiograms of normal and diseased hearts. Skiacardio- 
graphic curves bear a closer resemblance to myogi-aphic tracings of 
heart muscle than to volume curves obtained with the plethysmograph. 

The simplicity and economy of the “slit method” of “Roentgen 
kymography ” recommend that procedure for the study of movements 
of the borders of the heart shadow, but there are technical difficulties 
in the way of accurately locating the observed points upon the cardiac 
silhouette. The chief advantages of our method lie in our ability to 
definitely identify the part of the cardiac silhouette whose motion we 
are studying and to obtain simultaneous graphs of the movements of 
all parts of the silhouette for the same heart cycle. 
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Correction 

In the paper entitled " lodin in Exophthalmic Goiter,” by Jacob Lerman, M.D., and 
James H. Means, M.D. (this Journal, 1931, 181, 750), the second paragraph should 
read as follows; ” The average basal metabolism just after admission to the hospital 
was +57. After a resting period varying from 2 to 9 days the average basal metab- 
olism was +53. After treatment ’with ethyl iodid it was +24. The average daily 
fall in metabolism was 3.7 points, varying from 1.8 to 7.4.” 
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RESIDENT PHYSICIAN, JOHNS HOPKINS HOSPITAL, BALTIMORE, 

From the Cardiographie Laboratory, Department of Medicine, Johns Hopkins 

University and Hospital. 

The cardiac manifestations of hyperthyroidism, palpitation, 
tachycardia and hypcractivitt — the “overdemonstrativeness” of 
CaboU~are among the earliest and most constant phenomena of 
the disease, while occasionally arrhythmias of various types and even 
myocardial insufficiency and congestive heart failure are encoun- 
tered,' Among the many theories tliat have been advanced to 
explain these phenomena almost all have assumed the heart to be 
specifically affected, and as a result the various terms “goiter 
heart,” “thyrotoxic heart,” “thyroid heart,” “thyrotoxic myo- 
carditis,” etc., have acquired established usage. 

hlany of the early writers did not distinguish the cardiac phe- 
nomena of hyperthyroidism from those encountered with large col- 
loid goiters. Rose- advanced the belief that pressure of the enlarged 
thyroid gland upon the trachea, and upon the great vessels and 
nerves in the neck, lirought about cardiac embarrassment. Tims 
arose the term “mechanical goiter heart.” Tlie majority of the 
reports upon this coiujition have been based upon studies in Bavaria, 
or the Tyrol, whore large colloid goiters arc relatively common. 
Marine^ has also showji that hypertrophy of tlie heart and dilata- 

VOL. 1S3, NO. 0. — jpNi:, 1P32 
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tion of tlie great vessels frequently occur in animals with colloid 
goiters. _ Other observers'* have drawn attention to the increased 
vascularity of the thyroid gland in some types of goiter and have 
attributed the cardiac manifestations to overwork occasioned by an 
arteriovenous shunt. 

That mechanical factors may be partially responsible for the 
cardiovascular phenomena in some instances of simple goiter must 
be admitted. That, however, they serve to explain the cardiac 
manifestations of hyperthyroidism is extremely difficult to accept 
in view of the following facts: (1) Cardiac enlargement, arrhyth- 
mia, or even myocardial insufficiency not infrequently occur in 
hyperthyroidism associated with a thjrroid gland normal in size or 
only slightly enlarged, and (2) following subtotal thyroidectomy no 
immediate circulatory alterations occur such as are to be observed 
following closure of an arteriovenous aneurysm. 

. Krause,® in a series of papers published between 1889 and 1899, 
drew particular attention to the “thyrotoxic heart.” It has been 
assumed from isolated reports of degeneration of inflammatory 
myocardial lesions, discovered in the hearts of patients who died 
with hyperthyroidism, that the heart alone has been singled out for 
attack by some circulating poison. However, a study of the 
autopsy material at the Johns Hopkins Hospital by McEachern 
and Rake® revealed that of 27 patients dying with hyperthyroidism 
the myocardium was normal in 14 instances and showed but slight 
alterations in 8 instances. Among the 5 instances in which profound 
changes were found in the myocardium there was coexisting cardiac 
disease (syphilis, rheumatic endocarditis, etc.) in 3. These authors 
concluded that there was little evidence to be derived from studies 
of the morbid anatomy of the heart to support the view that the 
myocardium was attacked by a specific toxic substance in hyper- 
thyroidism. They were, furthermore, unable to correlate the clini- 
cal s.ymptoms in these cases with such structural changes as were 
observed in these hearts. Tlie literature upon this subject is 


reviewed in their paper. 

It is a very important fact, which should be emphasized, that the 
degree of intoxication will not alone explain the development of myo- 
cardial insufficiency in this disease. Indeed, in a fair proportion of 
the fatal cases the patients appear to perish in the flame of hyper- 
thyroidism (e. g., a postoperative crisis) without manifesting signs 
of heart failure. It has been pointed out elsewhere’ that in hyper- 
thyroid individuals below 40 years of age myocardial insufficiency 
is almost invariably associated with preexistent cardiac disease 
(rheumatic or, more rarely, syphilitic). In the decades above 40 
the greater frequency of failure as a complication of hyperthyroidism 


is associated with three factors; 

]. The greater incidence of .so-called adenomatoiis goiter, cliar- 
acterized by exacerbations and remission over a ])criod of yeans. 
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2. The natural diminution of the cardiac reserve which takes 
place with the years beyond 40' plus the occasional coincidence of 
rheumatic or hypertensive cardiac disease with hyperthyroidism 
at this age. 

3. The coexistence in many patients of 50 years and over of 
arteriosclerotie heart disease. 

A further point against the assumption of a specific destructive 
toxin acting upon the heart is the rapidity with which the most 
serious evidences of cardiac embarrassment may disappear, literally 
overnight, following relief of the hyperthyroidism by operation or 
during a remission brought about by iodin. The slower but equally 
striking disappearance of congestive heart failure that usually fol- 
lows institution of these measures has been noted by Hamilton,® 
Lahey,® Levine^® and many others. Thomas,^’^ indeed, is of the 
opinion that in most instances the heart returns to an entirely 
normal state following adequate thyroidectomy. 

Hyperthyroidism can be produced with ease in animals and in 
the human being by the administration of thyroid gland, its active 
fractions or thyroxin. As in the spontaneous hyperthyroidism of 
the human being, tachycardia and overactivity of the heart are 
early and striking features. Taking advantage of this fact, a series 
of experimental studies has been carried out in this laboratory during 
the past 3 years. In 1929 Lewis'® showed that the hearts and 
auricles of thyrotoxic rabbits continued to beat, when completely 
isolated, at a much faster rate than similar preparations from nor- 
mal animals. (Fig. 1.) This was a constant and striking phe- 
nomenon and appeared to indicate a persistence of the “state of 
hyperthyroidism” in the isolated tissue. In a large number of 
' such experiments Andrus and McEachern'® found that the average 
rate of the preparations from thyrotoxic animals was 56 per cent 
greater than that of the normal controls. In individual instances 
the former preparations not infrequently beat twice as fast as the 
controls. The accelerated rate showed no tendency to wear oft' 
during the period of observation which in several instances extended 
for 10 hours. This result was considered to indicate that some 
fundamental change in the metabolism of the cardiac tissue had been 
caused by the thyroxin. Yater,*' Avorking independently has con- 
firmed this observation, and has shown that the effect may persist 
for 12 days after the ivithdrawal of thyroxin. This point is of 
particular importance since it suggests that the degree of tachy- 
cardia of the isolated heart is proportional to the degree of hyper- 
thyroidism in the intact animal. If the tachycardia were due to 
some specific toxic substance Avorking damage to the myocardium 
the decrease in heart rate should not necessarily parallel the decreas- 
ing concentration of the toxic agent. This phenomenon appears, 
however, to be both quantitative and reversible for a particular 
animal and suggests that the effect is a metabolic one. Yater has 
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also shown that the idioventricular rate is enhanced in the isolated 
heart of a thyroxinized animal following section of the His bundle. 
Hitherto an attempt had been made to glean such evidence indirectly 
through the observation of a few cases of complete heart block to 
which thyroid had been administered. This subject is discussed 
in another place.'= 

Mann and his associatesi® at the Mayo Clinic have extended this 
observation and have shown that following thyroid administration 
the tachycardia can develop in a normal heart which has been 
removed and grafted upon another animal. This fact again sug- 
gests that the tachycardia is due to a direct action of thyroxin on 
the muscle cells and not merelj’^ to a stimulation of nerve endings in 
the heart. 



Fig. 1. — Comparison of the maximum rates of isolated hearts (Langendorff appa- 
ratus) and isolated auricles (Dale bath) of normal and thyrotoxic rabbits. 


Tlie conception that fundamental changes in the metabolism of 
the cardiac muscle may be at the root of the matter has received 
impetus from recent investigations of the lactic acid metabolism 
in patients with hyperthyroidism. A number of observers''''®']'’ 
have shown that the lactic acid in the blood of hyperthyroid indi- 
viduals rises to a much higher level following muscular work and 
falls much more slowly when the work is discontinued than is the 
case in normal individuals. Furthermore, Konig-® has shown that 
hyperthyroid animals die in convulsions following intravenoii-s 
injections of calcium lactate in doSes that are borne by normal 
animals without symptoms. Tliat rigor mortis occurs more rapidly 
in thyrotoxic than in normal animals has been noted by Hashimoto-' 
and by Rake and IMcEachern." It has long been known that 
thyrotoxic animals are less able than normal animals to ivithstand - 
reductions in the partial ox^’gen pressure of their environment. 
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It, seemed important to repeat, upon isolated cardiac tissue, some 
of the experiments that had previously been performed upon intact 
thyrotoxic animals. For this purpose the auricles from a normal 
and a thyrotoxic animal were removed simultaneously, set up in 
oxygenated Ringer-Locke’s solution (37° C.) and made to register 
one above the other on a revolving smoked drum. When intact 
hearts were used they were perfused by the Langendorff method. 
It was found that no significant changes were produced in the rate 
and amplitude of contraction or the coronary outflow in these 
preparations by the addition of thyroxin, desiodothyroxin or iodids 
in varying concentrations. Epinephrin brought about a greater 
ahsohte acceleration in rate of beat in the auricles of the thjwoxin- 
ized animal than in the normal, but the same 'percentage acceleration 
in both. It was further observed'^ that upon interruption of the. 
oxygen supply (Fig. 2) or upon introduction of isotonic solutions 
of sodium lactate into the bath, the auricles from thyi'otoxic animals 
were affected more quickly and more profoundly than the normal 



Fig. 2.— Simultaneous tracings recorded by auricles of normal (below) and thyrotoxic 
(above) rabbits. Effect of withdrawal of o.xygcn. 


auricles. In like manner the former preparations recovered much 
more slowly upon reestablishment of the original conditions of the 
experiment. 

These findings further suggested that the auricles from thyrotoxic 
animals were more dejiendent than were the normal controls upon 
their contemporary oxygen supply, which in turn suggested that 
their rate of oxygen consumption might be increased beyond the 
normal. It also seemed possible that these preparations were either 
elaborating lactic acid at a faster rate or were less able to oxidize 
it or get rid of it by diffusion than the normal auricles. 

By direct volumetric measurements it has been shown^^ that the 
isolated beating auricles from thyrotoxic guinea-pigs consumed from 
7 to 20 per cent more ox>*gen per gram of tissue than auricles of 
similar weight from normal animals. (Fig. 3.) Lewis and Doek-^ 
using the heart-lung pre])aration of the rat have recently confirmed 
these results. Whether the increased rate of contraction in the 
preparations from thyrotoxic animals is entirely resjmnsible for the 
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increased oxygen consumption is still a matter of conjecture The 
fact IS that both an increase m rate of beat and in oxygen consumn- 
tion occur in the isolated heart of the thjToxinized animal ^ 



j j of the oxygen consumption of isolated beating auricles from 

normal and thyrotoxic guinea pigs, according to 'o'eight groups (Warburg apparatus). 

Direct chemical estimations have also been made-® of the lactic 
Shp^S^n and total base in cardiac muscle from normal and 
thjmotoxic rabbits. Tlie results are shown in Table 1 : 

Table 1.— Lacttc Acid, Gwcogen and Total Babe in Mdbcle of Nobmal and 
Thyrotoxic Rabbits in Milligrams Per Cent. 

Cardiac Muscle Skeletal Muscle 

— A. - _ - ■ t - - -- 

Normal Thyrotoxic Normal Thyrotoxic 

Glycogen 2S8.0 16G.0 396.0 272.0 

Lactic acid 31.6 50.5 84.4 113.4 

Total base 132.6 125.9 149.6 150. S 

The lactic acid content of the cardiac muscle is seen to be almost 
doubled in the thjmotoxic group. The glucose and total base have 
undergone no significant change. A similar depletion of the gb'co- 
gen of skeletal muscle in thyrotoxic animals has been noted by 
previous observers.-'* 

* These authors (Dock, W., and Lewis, J. K., ,T. Physiol., 1932, 74, 400) st.'itc 
that the increased oxygen consumption of the heart-lung preparations from th.vToid- 
fed rats can be entirely accounted for by the increased rate of bo.at and the weight 
of such hearts. 
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Tliese experiments appear to sliow that the tachycardia of hyper- 
thyroidism and possibl}'- other and more serious phenomena are 
related to the direct metabolic action of thyroxin or its products 
on the myocardium. The application of the above facts to hj^per- 
tliyroidism in the human must be apparent. 

In short, it appears that the cardiac tissue shares in the metabolic 
upheaval characteristic of this disease. In addition there falls upon 
the myocardium the burden of the increased circulatorj'" demands 
of the entire organism, the metabolism of which is elevated. These 
two factors combine to bring to the fore the cardiac manifestations 
of hyperthyroidism; in individuals whose circulator}'’ reserve has 
been diminished by age or by organic cardiac disease they may 
result in myocardial failure. 

That prolonged hyperthyroidism results in some degree of cardiac 
hypertrophy seems ’to be well established. Tims among the 27 
cases reviewed by McEaehern and Rake there was moderate cardiac 
hypertrophy in 16. However, hypertrophy does not indicate mj'o- 
cardial damage; much less is it due to the action of a specific mj'o- 
cardial poison. In this instance it is to be attributed to the burden 
of an increased circulatory minute volume.^'^ There is, indeed, 
little evidence that the heart is permanently damaged. How much 
functional impairment may be produced by a protraeted siege of 
this disease is a question yet unsettled. 

Conclusion. It is, perhaps, the most accurate, and certainly the 
most optimistic attitude, to look upon the heart in hyperthyroidism 
as suffering from its own accelerated metabolism and from the load 
thrown upon it by the metabolism of the body as a whole. From 
both of these burdens it can, happily, be relieved bj'' relief of the 
hyperthyroidism, , 
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The medical service of the Montefiore Hospital presents an 
e.vcellent opportunity for the .study of tJie .management o ^ lo 
decompensated cardiac invalid. One hundred of the.se patieii s 
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are usually resident in the hospital. Of these, between 15 and 20 
are children who have been studied by Schwartz^ and his coworkers, 
and will not be included in the present analysis. 

We have reviewed an unselected group of 100 consecutive his- 
tories. No protocol was arranged for this work. No special inves- 
tigations were planned. The patient was treated as an individual 
according to the therapeutic problem which presented itself. Our 
purpose has been an analysis, a •posteriori, of the various therapeutic 
measures employed. 

Type of Material. For the most part, our patients have passed 
through the acute phases of their disease. In most instances the 
victims of rheumatic fcA^’er no longer presented any evidence of 
activity of their infection. In the arteriosclerotic group, the acute 
episodes, such as thrombosis and embolism, were part of the past 
history. The problem was sharply limited to the management 
of the advanced and decompensated cardiac invalid, who had 
already passejd through the active stages of his illness, and who had 
failed to respond to home or ambulatory treatment. 

Classification of Material, (a) Forty-three of these patients had 
carditis as the result of a previous infection with rheumatic fever. 
Q)) The second large group of 54 presented various manifestations 
of degenerative arteriosclerotic phenomena. This latter group was 
again subdivided. There were 2 with generalized arteriosclerosis; 
25 with uncomplicated hypertension of the greater circulation; 4 
with hypertension of the lesser circulation; and 23 with hypertension, 
Avho also presented electrocardiographic changes suggesting arbori- 
zation block or lesions of the coronarj^ vessels. 

(c) Of the 3 remaining patients, not classified, 1 had a liall-valve 
tumor of the auricle, the second an advanced nephritis, and tlie 
third a congenital cardiac lesion. 

Vital Statistics. In the rheumatic group, the females predomi- 
nated b}’- 2 to'l, whereas tlie proportion was e.xactly reversed in tlie 
arteriosclerotic group. The patients with rheumatic fever were 
younger, though 14 per cent had survived beyond the fiftieth year. 
The average age of the rheumatic women was 38, and of the men 35. 

In the arteriosclerotic group the men averaged 54 and the women 
62 years of age. The breakdown of tlie men occurred at a period 
almost a decade earlier than the women and resulted probably 
from the greater wear and tear in the struggle for e.xistence. This 
was further emphasized in the subclassification of tlie arteriosclerotic 
group, where the preponderance of males increased, with the severity 
of tlie complication. 

Valvular Defect. The mitral valve was involved in each of the 
rheumatic group, and in addition 68 per cent had aortic vahnilar 
disease, and 16 per cent a combination of mitral, aortic and tri- 
cuspid cndocai’ditis. 

In the arteriosclerotic group, only 10 per cent had evidence of 
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Two patients had a sufficient diuresis from urea so that no other 
medication was necessary, and no reaccumulation of fluid occurred. 

Eighteen patients had a successful diuresis with extraordinary 
clinical improvement as tlie result of the administration of salyrgan. 
The salyrgan was supplemented three times by the mechanical 
removal of tlie fluid, six times by the simultaneous oral administra- 
tion of urea, once by both urea and the mechanical removal of fluid, 
and twice by digitalis. 

C. The Decompensated Eheumatic Cardiac Invalid With Auricular 
Fibrillation. Thirty-two patients, with valvular defects as the 
result of rheumatic fever, presented an auricular fibrillation. In 
2 instances physiologic rest was sufficient to restore compensation. 

In the remaining 30 cases, the effect of digitalization was abso- 
lutely specific. In 9 patients, no other form of therapy was em- 
ployed, and in another the digitalis was supplemented only by a 
thoracentesis. 

In 20 instances the diuretic effect of salyrgan was a potent factor 
in the restoration of tlie circulation. In 8 of the last 20 patients, 
tlie digitalis and the salyrgan were supplemented by mechanical 
measures in 3 instances, and by the continual administration of 
either urea or the ammonium salts in the other 5. 

D. The Arteriosclerotic Decompensated Cardiac Invalid With 
Auricular Fibrillation. Twenty-nine arteriosclerotic patients had 
cardiac insufficiency with permanent auricular fibrillation. Twelve 
had hypertension of the greater, and 4 of the lesser circulation. 
Thirteen had electrocardiographic evidence of myocardial damage, 
either bundle-branch block, or changes in the S- T interval, suggest- 
ing coronary damage. 

Two patients responded to physiologic rest without any specific 
therapeutic measure. 

Twenty-two of this group were restored to compensation as tlie 
result of digitalization. Eight patients needed digitalis alone, and 
2 otliers required only urea in addition. 

The next group of 12 patients required salyrgan, as well as 
digitalis, and half of these responded to the administration of these 
two drugs alone. In addition to the salyrgan and digitalis, tlie 
remaining 6 patients required eitlier meclianical removal of the fluid, 
or the enliancement of the saljTgan effect by the oral administra- 
tion of urea or ammonium salts. 

Five patients were unaffected by digitalization, but did respond 
favorably to salyrgan. These patients all presented advanced car- 
diac disease, witli electrocardiographic eiddences of coronary lesion. 

Summary. 1. The records of 100 decompensated cardiac invalids 
have been summarized, and the tlierapeutic regimen noted. 

2. Eight patients were restored to compensation liy jiliysiologic 
rest and dietotherapy. 

3. Mechanical removal of fluid from tlie serous cavities vas prac- 
ticed in 14 of the group. 
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4. Fiftyrsix patients were specifically benefited by digitalis and 
all but 4 in this group had auricular fibrillation. 

5. Sixty-four patients, edematous despite physiologic rest, dieto- 
therapy and digitalization, were relieved by the administration of 
salyrgan with or without the simultaneous administration of urea 
and the acid salts. Five patients responded by diuresis to urea 
alone. 

6. The four cardinal steps in the management of tlie decompen- 
sated cardiac invalid are: (1) Physiologic rest and dietotherapy; 
(2) mechanical evacuation of fluid from the serous cavities; (3) 
digitalization and (4) the use of the diuretics, 
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In the previous paper^ we have discussed the management of 
100 cardiac invalids from the standpoint of the individual patient. 
Four important principles stood out in this analysis: (1) Physio- 
logic rest, including dietotherapy; (2) the mechanical evacuation 
of fluid from the serous cavities; (3) digitalization; (4) the use of 
the diuretics. 

In this paper we shall discuss each of these cardinal principles 
with special emphasis upon the clinical pharmacology of the specific 
drugs. 

Physiologic Rest, Institutionalization and dietotherapy are the 
prime factors in securing physiologic rest. The admittance of the 
cardiac invalid to the institution is a nonspecific form of therapy 
whose im])ortance cannot be overestimated. The patient is no 
longer a drain upon the family budget. As a general rule he is 
removed from the unhealthy and squalid surroundings of a metro- 
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politan tenement and transplanted to the relative quiet, cleanliness 
and comfort of a hospital bed. In the place of haphazard and 
infrequent medical visits, he is seen several times daily by trained 
observers. The well-meaning but amateur brand of home nursing 
is replaced by skillful professional care. 

Sedatives and hjqinotics are liberally employed during this 
period. They have no deleterious effect on the circulation, even 
when given in large doses, and they do much to relieve the circula- 
tory load by inducing rest and sleep. As a result, an extraordinary 
change for the better is a common experience and we attempt to 
introduce no specific form of therapj'- until the effects of institution- 
alization can be evaluated. 

Dietary regulation is as important as it is simple. The weight 
of the patient is the onl 3 '- observation required. In adult patients, 
gain in weight almost invariably means the retention of water, and 
loss of weight is accompanied bj'-, or the result of, diuresis. Restric- 
tions are placed upon water, salt, and total calorie intake. For the 
first 2 da.ys the time-honored Karell diet of 1 quart of milk and soda 
crackers is of prime importance. It is also useful once a week as a 
prophjdactic after compensation has been restored. In the mildlj^ 
decompensated case, full diet with limitation of fluids to 1500 cc. 
maj' usualty be emploj^ed as a routine. The more severelj’’ decom- 
pensated patients maj’- have to suffer a reduction in their fluid intake 
to 1200 cc., or even 1 liter. If they still retain water on this diet, 
the salt-poor regimen must be prescribed. 

Obese patients, particularlj’’ those with hj'pertension, are placed 
on mixed diet with calories limited to 1500. 

In our series 8 patients were restored to compensation b}'^ phj’sio- 
logic rest and dietotherapj". 

Mechanical Measmes. Fourteen patients had paracentesis abdom- 
inalis or thoracentesis. The hope that fluid will absorb as the result 
of rest or specific therapj" is usually not fulfilled, and its immediate 
evacuation is a much wiser therapeutic policy. The patient should 
receive a liberal dose of morphin bj"^ In^podermic at least 10 minutes 
before the expected tap. The fluid is withdrawn slowh". It is 
unwise to take off more than 500 or 700 cc. from the chest. The 
abdomen, however, maj'' safelj’- be tapped drj*. Tight pressure 
should be e.xerted during and following paracentesis. Adequate 
digitalization, or frequent doses of saljTgan, maj' occasionally pre- 
vent the reaccumulation of this fluid. If the fluid reaccumulates 
it must be mechanicall^v removed again. 

Digitalization. Seven t.v-nine patients received digitalis (Table 1.) 
Twentv-two of these had sinus rhj'lhm; 9 in the rheumatic and 
].3 in the arteriosclerotic group. 

In the rheumatic group, 7 had no appreciable effect, while 2 were 
damaged. In none of this group was digitalis of tlie slightest 
efiicac}’. 
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Tablk 1. — Efficacy of Specific Therapeutic Drugs in Treatment of 
Decompensated Cardiac Im’-ALiD. 

SinUB rhythm. Auricular fibrillation. 


Rheu- 

matic. 


Digitalis: 

Toxic 2 

No effect 7 

Useful 0 

Not used 2 

Urea: 

Diuretic 0 

Prevents reaccumulation of 

edema 2 

No effect 2 

Not used 7 

Salyrgan; 

No effect 1 

Toxic ' 1 

Diuretic 9 

Not used 0 


Arterio- 

Rheu- 

Arterio- 

Total 

sclerotic. 

matic. 

sclerotic. 

lioipetl. 

1 

0 

1 


S 

0 

4 


4 

30 

22 = 

5G 

12 

2 

2 


7 

3 

4 


3 

3 

3 = 

25 

3 

7 

7 


12 

18 

15 


1 

0 

2 


0 

0 

0 


IS 

2,0 

17 = 

64 

5 

12 

10 



In the arteriosclerotic group with sinus rhythm, 8 were unaffected 
by digitalis, 1 patient was poisoned, and 4 had a successful thera- 
peutic result. One of this last quartet was admitted in pulmonary 
edema, and experienced both a pulse slowing and a diuresis. Tlie 
other 3 had a moderate diminution in the pulse rate, but required 
diuretics in addition. We were thoroughly convinced that the 
improvement in these 4 patients was due to the digitalis, at least 
in part. 

In both the rheumatic and arteriosclerotic groups with auricular 
fibrillation the result differed strikingly from those with sinus 
rhythm. .(Table 1.) In 52 of the 61 fibrillators, digitalis proved 
extremely efficacious. The result was independent of the etiology 
of the cardiac decompensation, the valvulitis, the sex or age of the 
patient, the degree of decompensation, or the presence or absence 
of hypertension. The 9 fibrillators who did not exiierience a favor- 
able response were all the victims of a process so advanced as to 
preclude any possibility of therapeutic result. In these patients, as 
the result of repeated cardiac insufficiency, the myocardium gave 
evidence of either fibrosis or myelomalacia. 

An accurately assayed tincture of digitalis (1 cc. = 1 cat unit) 
was.used almost exclusively. In a few instances where vomiting 
had occurred as a result of salicylism or chronic passive congestion 
of the stomach we gave the leaf of digitalis in rectal suppositories. 
Though we were dealing with severe and advanced cases, we found 
no indication for the intramuscular or intravenous administration 
of the drug and we believe tliat form of therapy is greatl.A' to be 
discouraged. 

Idiosjmcrasy to digitalis was not encountered in this series, nor 
have we experienced it during a long experience with the drug. 
One woman, who insisted that digitalis caused immediate vomiting. 
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also vomited when she was given a neutral green tincture under tlie 
guise of tincture of digitalis. 

Concerning dosage, we are convinced that no rule of thumb can 
replace careful and frequent clinical observations. It is impossible 
to gauge the amount of the drug required by a priori reasoning. It 
is not necessary to saturate the patient with digitalis in order to 
obtain a therapeutic result. Indeed, in many patients there is a 
wide gap between the therapeutic dose and saturation. (Table 2.) 


Table 2. — Digitalis Dosage, 

Pulse rate. Satura- 


Patient. 

Before. 

After. 

Total 

dose. 

Span. 

tion, 

amount. 

Corrected, 

amount. 

Error, 
per cent. 

I. L. . 

. . . 150 

72 

48 

11 

25 

35 

+40 

M. C. . 

... 88 

86 

16 

4 

21 

13 

-40 

E. AV. . 

. . . 104 

68 

29 

6 

20 

23 

+14 

R. S. . 

. . . 104 

62 

31 

6 

19 

25 

+33 

B. S. . 

. . . 104 

65 

13 

6 

16 

7 

-50 

D. S. . 

. . . 110 

88 

14 

7 

15 

6.5 

-50 

E.W. . 

. . . 108 

80 

29 

5 

20 

25 

+25 

A. S. . 

. . . 150 

84 

13 

4 

17 

10 

-40 

J. K. . 

. . . 104 

84 

10 

1 

17 

10 

-40 

M. R. . 

. . . 105 

68 

36 

13 

•20 

16 

-20 

D. S. . 

... 98 

80 

24 

9 

21 

11.5 

-45 

A. S. . 

. . . 104 

86 

16 

3 

15 

15 



All patients were in rheumatic group -aith auricular fibrillation. Total dose is in 
cubic centimeters of standardized tincture. Span in days. Saturation amount oai- 
culated by muitiplying weight minus edema by 0.15.^ Corrected amount calculated 
by subtracting from actual amount administered the sum of the excretion (figured 
at 1.5 cc. per day)* times the span minus 2 (no excretion for first 2 days). Error 
obtained from last 2 figures. 

Wherever possible, no digitalis is prescribed until the patient 
has been observed at least 48 hours. This preliminary observation 
serves two purposes; (1) The evaluation of the efficacy of the 
nonspecific measures, such as rest, water and fluid restrictions, and- 
sedatives; (2) the excretion of any digitalis given before admission. 

It is our custom to order 4 to 8 cc. of the tincture the first day 
that the digitalis is administered. Standing orders for the admin- 
istration of digitalis should not be given. The patient must be 
seen at least once and preferably ti\'ice a day during the aetive 
period of digitalization. In those patients with auricular fibrillation, 
from 2 to 4 cc. are ordered daily until the pulse rate approximates 
75 to SO, or unless the patient experiences toxic s}Tnptoms, such 
as gastrointestinal distress or a new cardiac irregularity. Under 
such chcumstances, the drug is stopped for 24 hours and then 1 to 
2 cc. daily is prescribed as a maintenance dose. This is continued 
indefinitely, and increased if the pulse rate increases, or stopped for 
24 hours if the rate becomes too slow, or toxic symptoms develop. 
In the presence of sinus rhjphm the drug is discontinued at tlie 
end of a week if no therapeutic effect is seen, but if the patient is 
benefited the dosage is maintained exactly as in auricular fibrilla- 
tion. Despite the rarity with which a favorable outcome is e.xperi- 
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eiiced in patients with sinus rliythin, we gi\’^e every decompensated 
patient the benefit of digitalization and, even in tlie face of failure, 
repeat the course of digitalis every few months as a therapeutic test. 

In the more favorable cases under digitalis, the pulse rate slows 
and there is a diuresis accompanied by loss of weight, dyspnea 
lessens, and paroxysmal nocturnal attacks of pulmonary edema may 
be prevented. Where pulse slowing is not accompanied by diuresis 
the digitalis may have to be supplemented by the mechanical 
removal of fluid from the serous cavities, or the exhibition of the 
diuretics. 

The digitalis-like bodies have been tried in those decompensated 
cardiac invalids who fail to improve with digitalis. At the present 
time the only representative of this group tliat is commonly encoun- 
tered in clinical practice is squill. Convallaria, apocjmum and 
spartein seem to have been justifiably dropped out of the therapeutic 
armamentarium . 

In a group of 12 patients we administered squill as scillaren. In 
none of these was any unusual circulatory benefit derived from the 
scillaren. In four instances, however, there may have been a 
slightly greater diuresis than with digitalis. This was offset, how- 
ever, by the fact that while digitalis produced nausea in only one 
of this group, scillaren caused nausea five times, and diarrhea once. 

Our experience indicates that the pharmacology of the digitalis 
group may be simplified to a great extent by eliminating all of the 
preparations other than the tincture and the leaf of digitalis, and 
by administering these only by the oral or rectal route. The dosage 
cannot be estimated by any a priori calculation. This opinion bears 
out the original writing of Withering who said, “ Let the medicine 
be continued until it acts either on the kidneys, the stomaeh, the 
pulse or the bowels— let it be stopped at the first appearance of 
any of these effects.” 

Diuretics. Specific drug treatment for the compensated cardiac 
invalid is wholly summarized by digitalis and the diuretics. In 
, our experience the problem of diuretics may be simplified by elim- 
inating all but the saline preparations (urea and the acid salts) and 
the mercurials, such as saljTgan. 

Urea. Urea is made up by adding, to 1 pound of the salt, water 
to make a quart. Three tablespoonfuls of the solution 3 times a 
day will give about 70 gm. The evil taste may be disguised some- 
what bj^ tomato or fruit juices. Forty-eight of our patients received 
urea. (Table 1.) In 19 it proved to be of no value and in 3 of only 
questionable efficacy. It was useful in about one-fourth of the 
whole group. In these last cases the urea was actively diuretic in 
14 instances. Its use was accompanied by a loss, and its discontin- 
uance was followed by a gain, of weight. Illustrating this, J. hi. 
lost 18 pounds during the first five weeks that he received urea, 
and B.P. gained 27 pounds in 3 months following the cessation of 
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urea. In 11 instances the urea, while not actively diuretic, held 
the loss of weight resulting from the mercurial diuresis and thus 
diminished the number of salyrgan injections. 

In several instances urea has been administered over a period 
of years despite elevation of the blood-urea figures to as much as 
105 mg. per 100 cc. We have seen no untoward reaction other than 
an occasional urea rash, which disappeared when the drug was 
discontinued; 

Many of our patients felt so strongly that their well-being 
depended upon the administration of urea, that considerable agi- 
tation occurred in one of the wards when we wished to discontinue 
the drug for a few days as an experiment. 

Acid Salts. The acid salts (ammonium chlorid or carbonate and 
calcium chlorid) are given in dosages of 10 gm. daily. They may 
be administered in capsules or in large chocolate-coated tablets. 

' They are indicated when edema persists, despite digitalization, rest, 
and the limitation of fluids and salt in the diet. In conjunction with 
the mercurial diuretics they tend to promote diuresis and prevent 
the reaccumulation of fluid. 

Thirteen of our patients were benefited by their use. In only 
2 of these 'instances was the salt actively diuretic, in others it either 
increased the yield from the mercury or prevented the reaccumu- 
lation of fluid after the salyrgan. 

Mercurials. Second only to digitalis in the management bf the 
cardiac invalid is the importance of the mercurial compounds. Our 
personal preference is for saljTgan, which can be administered intra- 
muscularly or intravenouslj’’ in doses of 1 to 2 cc. Injection of this 
extremely irritant compoimd requires the most meticulous care, 
for a careless introduction may be followed by a cellulitis and slough 
lasting several months, while the intramuscular injection is usually 
painful, may result in a sterile abscess, and if injected in the vicinity 
of a nerve will cause degeneration. If it can be successful!}' prac- 
tised, the intravenous route is to be preferred. To insure safet}', 
blood should be drawn up into the s}Tinge before the injection; 
the drug should be administered slowly and discontinued if the 
patient complains of the slightest pain, or if any induration is 
visible or palpable. Blood should be withdrawn from the vein 
before the needle is taken out. Where repeated injections must 
necessarily be given, the veins will sooner or later sclerose. The 
intramuscular injections should be followed by the injection of 0.5 cc. 
of air, so that the mercury is not deposited along the track of the 
needle during its withdrawal. 

Si.xt}'-four of our patients were dependent upon salyrgan (Table 1). 
The extraordinar}' A'alue of this preparation can be seen when it is 
compared to digitalis, which was useful in only 56 patients. Our 
64 patients received a total of 847 injections, and averaged 14 each. 
One man had had 150 injections scattered over a period of 3 years. 
The average yield from saI}Tgan was the equivalent to 4 to 5 pounds 
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loss in body weight. In the presence of a great deal of edema, the 
first injection caused a loss of weight up to 10 pounds, and on a 
few occasions 12 to 13 pounds. In 43 instances the salyrgan needed 
no supplementation. Eight times, however, its use was enhanced 
by urea and thirteen times by one of the acid salts. In these 
instances the salts either increased the salyrgan yield or prevented 
the reaccumulation of fluid following the salyrgan diuresis, so that 
injections of the mercury could be separated wider apart. In ten 
instances, most of which were in the group of patients with sinus 
rhythm, the diuresis following salyrgan was alone sufiicient to 
restore compensation. In 1 patient a hydrothorax receded. 

In addition to the measurable evidences of diuresis, such as 
increased urine output and loss of body weight, 23 patients experi- 
enced a marked relief from dyspnea and 2 from pain in the right 
upper quadrant as the result of a congested liver. There were 
several instances of marked reduction in the number and severity 
of the attacks of parox^-^smal nocturnal dyspnea often erroneously 
called “cardiac asthma.” This condition is wholly unrelated to 
asthma and should never be treated with antispasmodics, partic- 
ularly adrenalin. Actually, these are attacks of parox;\''smal pul- 
monary edema and respond, as edema elsewhere, to fluid and salt 
restriction, digitalis, and the diuretics, particularly saljTgan. 

The toxicity of salyrgan is almost wholly limited to its local 
reaction. / We do not hesitate to employ the drug in the presence of 
marked albuminuria, even when this is marked or accompanied by 
casts or an occasional red cell. We have yet to see clinical evidences 
of a significant amount of kidney damage following the use of the 
mercurial diuretics. We do not hesitate to repeat the dose in 4 or 
5 days, but we prefer to wait a week if that is possible. 

Bismuth. Despite the wholly satisfactory use of sal^Tgan, we were 
impelled to study the efficacy of bismuth sodium tartrate- as a 
diuretic. Eleven patients previously treated with salyrgan were 
given bismuth. Whereas the average yield with salyrgan had been 
4.G pounds, it was 0.8 pound with bismuth. (Table 3.) 


Tab LB 3.- 

-COMBAKISON OF DiUHETIC ACTIONS OP SaLYRGAN AND BiSMUTII 
Sodium Tartrate. 

EfTcct of salyrRnn 

Pntient. 

Diagnosis. 

Effect of bismuth. 

3 days later. 

N.-S. . 

.... CRCVD 

Gained J lb. 

Lost 5 lbs. 

H. H. . 


Lost 3 ’ lb. in 

2 days 

Lost 6 lbs. 

I. G. . 


0 

Lost 6 lbs. 

N. P. ■ . 


0 

Lost 8 lbs. 

N. N. . 


Lost 7 lbs. in 

7 days 

Lost lbs. 
in 1 daj’ 

R. D. . 


Lost 2 lbs. 

Lost 2 lbs. 

A. G. , 


0 

Lost 4 lbs. 

M. M. 

(* 

0 

Lost 8 lbs. 

L. S. 

i( 

0 

Lost 2 lbs. 

H. H. . 

. . . CVR 

Gained 1 f lbs. 

Lost 2 lbs. 

M. K. 

. 

Lost -J lb. 

Lost 4 lbs. 
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Puiins. The purin diuretics enjoy a great popularity. With one 
exception, not a single patient in this group had a significant diuresis 
from any member of this group, whicli included theobromin, diuretin, 
caffein and theocalcin. Because of the enthusiastic reports of the 
diuretic action of -theocalcin,^ we gave 5 of our patients, usually 
controlled by urea or ammonium chlorid, 1.5 gm. daily, and 4 of 
them pmed weight on the purin and lost weight when the saline 
diuretic was resumed. 

Cardiac Stimulants. The omission of any previous mention con- 
cerning the most popular of the cardiac drugs requires comment. 
In the records of the helpful therapeutic measures, caffein, strych- 
nin, camphor, and adrenalin are conspicuous by their absence. In 
the management of the chronic decompensated cardiac invalid, 
these drugs are definitely valueless. Invariably, however, discussion 
of their use arises during acute decompensation or when, death is 
imminent. Under these latter circumstances, no accurate evaluation 
of therapeutic procedures is possible and one can only express a 
personal opinion. For ourselves we are convinced that camphor is 
inert and may cause embarrassment by the production of a marked 
local induration. Strychnin hasi no appreciable effect on the circu- 
lation and may cause toxic sj'mptoms in the realm of the ner\'ous 
system. Adrenalin is absolutely contramdicated. If given in effect- 
ive doses, particularly in so-called “cardiac asthma,” the sudden 
rise in blood pressure has frequently been sufficient to overwhelm 
the circulation and result in sudden death. Fortunately in most 
instances it is given subcutaneously or intramuscularly and is not 
sufficiently absorbed, particularly with clironic passive congestion, 
to cause any response. Caffein may be employed if the patient is 
unconscious. Under any other circumstances the cerebral stimula- 
tion and the resulting anxiety far overshadow any circulatory 
effect. Given to the conscious patient it will cause distress both to 
the sufferer and his attendants. 

The administration of oxj'gen is frequently helpful in acute 
decompensation and can be carried on by a nasal catheter if more 
elaborate apparatus be not available. Liberal doses of morphin 
and other sedatives do much indirectly for the circulatory system 
by allaying anxiety and producing sleep. 

Summary. 1. Drug therapy is indicated m the cardiac invalid 
who remains decompensated despite physiologic rest, dietotherajiy 
and the mechanical evacuation of fluid from the serous cavities. 

2. Digitalis is invaluable in those patients Avho present auricular 
fibrillation. Its clinical pharmacology is discussed. 

.3. Diuretics are equal in importance to digitalis in the manage- 
ment of the decompensated cardiac invalid. Their use is indepen- 
dent of the cardiac rhythm. Their pharmacology is discusscd|and 
the j)reparations arc narrowed down to three— urea, the acid salts 
and salyrgan. 
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- 4. This list completes the list of specific drugs useful in the man- 

agement of the decompensated cardiac invalid. 

5. The list of other popularly used remedies is discussed and their 
use criticized. Included in this categorj'- are the purin diuretics, 
bismuth subtartrate, the alleged circulatory stimulants (camphor, 
str^'chnin, caffein and adrenalin), and the antispasmodics, 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM.* 
n. Osteitis fibrosa Produced in Rats. 

By Jo.seph L. Johnson, M.D., 

THE department OF MEDXCINE, UNIVEHSITY OF CHICAGO, CHICAGO, lEE. 

Sandstrom®^ discovered the parathyroid glands in 1880, but the 
importance of these structures was not realized until Gley,^®-^’' in 
1891, showed that the tetany which occasionally followed thyroid- 
ectomy was not due to removal of the thyroid but to the accom- 
panying parathyroidectomy. Hypoparathyroidism has been recog- 
nized as a clinical problem since that time. 

Hyperparathyroidism was probably suspected as early as 1904 
by Lundborg'® and later by Chvostek,’^ but it was not until 1926 
tha-t it attracted much attention. A series of events prepared the 
way for its recognition. Hypertrophy of the parathyroids was 
observed in association with certain diseases of bone, such as osteo- 
malacia, rickets, osteogenesis imperfecta and most frequently osteitis 
fibrosa. Hoffheinz^® and Barr and Bulger^ give reviews of the litera- 
ture between 1900 and 1929, and report a total of 76 instances of 
this association. There should now be added at least 12 others 
which include 3 cases reported by Barr and Bulger,"' 4 by Hunter-®'-' 
and 1 each by Compere,'® Gold,'® Eggers,'^ Lanz®^ and Ask-Upmark.® 
Askanazy' attributed a pathogenic role to this hypertrophy as early 
as 1904. Erdheim'® regarded it as an inadequate attempt at com- 
pensation. Of primary importance Avas the preparation by Collip 
of an extract of the active principle of the parathyroids, and 
the observation of MandP® that removal of a parathyroid tumor in a 
case of osteitis fibrosa Avas therapeutically beneficial. Alandl had 
previously transplanted human parathyroid glands into the abdom- 
inal AA'all of this patient Avith resulting aggraA^ation of symptoms, 

* Tho expenses of this research were met from the John D. Hertz Fund. 
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and this had aroused the sus])icion that parathyroid overfunetion 
was at fault, rather than underfunctiou. The operative removal 
of tumors of the parathyroid has since been performed in a number 
of clinics with results in osteitis fibrosa like those of hlandl. 


Table 1. — Diagnostic Features of, HypERPASATHYROiDisit and Osteitis Fibrosa 

OsTEOPLASTICA. 


I. More frequent findings; 

1. Increased urinary excretion 

of calcium. 

2. Negative calcium balance. 

3. Hypercalcemia. 

4. Hypophosphatemia. 

5. Parathyroid hypertrophy or 

hyperplasia. 

G. Rarefaction of bones. 

7. Decreased muscular response 

to stimulation. 

8. Muscular n-eakness and hy- 

potonia. 

9. Muscle and bone pains. 

10. Anemia. 


II. Less frequent findings: 

1. Bone deformities. 

2. Multiple cysts. 

3. Pathologic fractures. 

4. Giant cell tumors of bone. 

5. Impaired kidney function. 


The criteria of osteitis fibrosa osteoplastica (von Recklinghausen) 
are listed in the accompanying table. The purpose of my investi- 
gation was to determine whether the experimental reproduction of 
a chronic state of hyperparathyroidism by repeated injections of 
parathormone would reproduce this disease or result in the develop- 
ment of some other skeletal abnormality such as osteomalacia, rick- 
ets, osteogenesis imperfecta or multiple myeloma. Each of these, 
as has been stated, has been associated occasionally with para- 
thyroid hypertrophy.'* 

Waltner®* attempted to prove that hyperfunction of the para- 
thyroid glands was responsible for rickets. He experimented with 
young white rats, using three diets. In one of tliese the calcium 
and phosphorus contents were normal, in one phosphorus was 
deficient, a decidedly rachitic diet and in one calcium was deficient, 
a somewhat rachitic diet. Each rat received 20 units a day of 
Collip’s parathormone for from 8 to 18 days. With the normal 
diet an osteoporosis was evident, but no rickets. With the deficient 
diet both rickets and osteoporosis developed. In no case did the 
controls receiving the normal diet develop rickets, but some of the 
controls on the deficient diet did. Waltner concluded that while 
parathormone would wash calcium from the bones of young rats 
it did not produce rickets. 

Bauer, Aub and Albright^ gave parathormone to rabbits, cats 
and rats and studied its effects by gross examination and with 
roentgenograms. A study of the blood serum calcium was included. 
Their rabbits revealed a reduction in the number of trabeculm but 
no gross clianges of 'the cortex of bones. Histologic examinations 
were not made. In growing kittens no greater reduction of trabec- 
ulm was observed than occurred in the course of normal bone 
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growth. The skeletons of the rats appeared, by roentgenogram, to 
be much denser and shorter than those of their control siblings, 
and the number of trabeculos was found to be increased on gross 
examination of the sectioned bones. A rise in serum calcium was 
not observed in cats or Idttens, but a slight rise was secured wnth 
rats and rabbits. 

Jaffe, Bodansky and Blair"--® have recently reported a very 
complete study of the eflfect of repeated injections of parathormone 
in dogs and guinea pigs. The histologic examination of the skele- 
tons of their animals revealed lesions that are characteristic of 
osteitis fibrosa. In, most cases the serum caleium was increased 
and the serum phosphorus decreased by the parathormone injec- 
tions, but skeletal lesions occurred without hypercalcemia or hj'po- 
phosphatemia. 

Numerous other reports of parathormone injections in animals 
and man are contained in the literature, but as far as has been 
ascertained those referred to are the only ones in which attention 
has been directed to lesions of the bones. 

My preliminary experiments,®'* whieh resulted in the production 
in rats and in puppies of bone lesions characteristic of osteitis 
fibrosa w'ere completed before the work of Jaffe, Bodansky and 
Blair was brought to my attention. A chronic state of hyperpara- 
thyroidism w'as produced in rats and dogs by repeated injections of 
parathormone, and the skeletal abnormalities were studied grossly, 
roentgenologically and microscopically. The effect of this procedure 
on serum calcium and phosphorus and metabolic balances of calcium, 
phosphorus and nitrogen were .studied in separate experiments 
conducted on man, as previously communicated.^ The data ob- 
tained with dogs will be reported later. The observations with rats 
is the subject of the present paper. 

Methods. White rats from 6 to 12 weeks old were lused, 3 'oung animals 
being chosen for the reason that growing bones would probablj'’ reveal 
more striking abnormalities. Steenbock’s normal rat diet was given. This 
consisted of 3 ’'ellow cornmeal, 76; linseed meal, 16; crude casein, 5; ground 
alfalfa, 2.5; sodium chlorid, 0.5 and calcium carbonate, 0.5 per cent. 
Distilled wafer was supplied for drinking. The food and water were kept in 
the cage at all times. This diet was started 1 or 2 weeks before treatment 
began. A number of animals received varving amounts of parathormone 
in the effort to arrive at a satisfactory dosage, the dose finalty adopted 
being one of from 10 to 20 units injected subcutaneously. Animals were 
started with 10 units, this was increased after about 5 daj's to 15 units, 
and after a week or 10 days to 20 units. Twenty daj-'s was about the .average 
duration of an experiment, although some rats received parathormone for 
as long as 43 da 3 ^s. Control litter mates were maintained on the same diet 
and under the same conditions as injected animals.^ 

In certain cases when definite skeletal abnormalit}' had become vi.sible 
grossly and by roentgenograms, the medication was discontinued to observe 
the recovery.' The diet in these cases Avas not altered. 

Koentgenograms of the entire skeleton of all animals Averc made at death 
or .at’ killing. In scA'cral instances periodic roentgenograms Avere obtained 
during the course of the exiAeriment. 
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The soft tissues were examined grossly and some of these were prepared 
for microscopic study. All of the long- bones were dissected out, fixed in 
formalin and decalcified with 5 per cent nitric acid. Tissues for microscopic 
examination were embedded in paraffin and stained with hemato.xjdin and 
ebsm. Mallory’s connective tissue and van Gieson’s stains were also used. 

Results. .A total of 32 rats were given parathormone in the course 
of these e.xperiments with very uniform results. The protocols of 
several representative animals are given in tabular form to illustrate 
the variations observed. (Table 2.) 

The most outstanding gross abnormalities were bowing of the 
forelimbs and muscular weakness. The time of the first detectable 
evidence of bowing varied from 6 to 20 days, with 12 and 15 days 
as an average for the production of definite deformity. The extent 
of this is illustrated. (Fig. 1.) A loss of muscle tone was apparent 
on handling the animals. Muscular weakness was also revealed by 
their slow limping movements and their inability to climb up the 
sides of cages. 



Fig. 1 . — Rat 31. BowinK of legs typical.for rats recemng parathormone. Animal 
received 15 units of parathormone daily for 14 days and 15 drops of viosterol daily 
for 17 days. This photograph made on I9th d.ay of experiment. 

Agglutination of the eyes was seen not infrequently. The aggluti- 
nating material resembled dried blood. Blood-tinged and soft 
feces were noted occasionally and in 1 animal, Rat 23 (Table 2), 
nasal hemorrliage occurred after the third day. 

Roentgenologic examinations revealed rarefaction in tiie bone.s 
of all rats that had received parathormone for a period longer tiian 
3 days. This gave a mottled ajipcarancc in most cases and involved 
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first the ends of the long bones, Jater the sliafts. (Figs. 2, 3, ,4). The 
responsibility for these changes was more definite)}^ fixed upon 
parathormone, and the diet was ruled out as a factor, by keeping all 
conditions the same after the changes appeared and discontinuing 
the injections. Rat 23 is typical of what then happened. The 
bowing disappeared and the only gross evidence of deformity was a 
knobbing of the right wrist which could be detected only by careful 
examination. The roentgenograms then showed no rarefaction or 
bone destruction (Fig. 5), but still some bowing of the left radius 
and ulna and of the right tibia and fibula, and an unevenness 
throughout their length of the right radius and ulna. The restitu- 
tion appeared otherwise to be complete. I was able occasionally to 
detect a slipped epiph^'-sis in the roentgenograms. In 1 animal 
there was also a slight scoliosis. 

The roentgenograms of these animals do not reveal any definite 
intensification of shadows of the kidneys, although there is a sug- 
gestion of kidney outline in some cases. This feature will receive 
further comment in a subsequent paper upon the effects of the simul- 
taneous administration of parathormone and irradiated ergosterol. 

Histologically the long bones of the extremities of the parathor- 
mone-treated animals show decalcification, bone resorption, replace- 
ment of bone and marrow by fibrous connective tissue and cyst 
formation. These are constant findings. Giant cells resembling 
osteoclasts are present in large numbers and in close association 
with fibrous connective tissue. Giant cells are inconstant^’' ob- 
served in circumscribed areas of fibrous connective tissue, in the 
marrow cavity as well as in close proximity to bone. In some 
instances they appear in large number in masses of fibrous con- 
nective tissue suggesting the picture of the so-called giant cell 
tumor. Osteoid tissue is quite abundant in many of these skeletons 
and with the fibrous connective tissue almost obliterates the medul- 
"lary cavity. Pathologic fractures are also numerous. The t^jes 
of change observed are illustrated. (Figs. 6 to 11.) The micro- 
scopic studies of the soft tissues have not been completed, but 
those of the kidneys reveal metastatic calcium in the tubules and 
to a less extent in the interstitial tissue; not in the glomeruli. 

Discussion. It was Collip’s opinion, in 1926, that tlie rat was 
immune to parathyroid extracts, and this opinion has prevailed 
until recently. That this is not the case is evident both from my 
experiments and the experiments of Waltner (from which he con- 
cluded that parathormone injections wash calcium out of the 
hones but do not produce rickets), the experiments of Bauer, Aub 
and Albright (showing some bone ciianges after parathormone ad- 
ministration) and those of Rose and Stucky^® (in whicli successive 
injections of parathormone produced significant increases in blood 
calcium). 

Under the conditions of my experiments there invariably resulted 
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osteoporosis, bone resorption', replacement of bone and marrow by 
fibrous connective tissue and cyst formation. New bone (osteoid 
tissue) occurred -with great frequency. All of this is characteristic 
histologically of osteitis fibrosa osteoplastica, as observed clinically. 
The roentgenograms and gross findings of the animal experiments 
are equally those of osteitis fibrosa. These results with the rat 
correspond to those with puppies to be reported later and to the 
lesions produced in guinea pigs and in dogs by Jaffe, Bodansky and 
Blair.^^--^ 

The bones of the rats treated with parathormone by Bauer, Aub 
and Albright were denser and shorter in roentgenograms, and when 
they were split and examined grossly appeared to contain an 
increased number of trabeculae. These observations are not in 
harmony ndth those I have made, but an ex-planation of the dis-- 
crepancies is to be found, perhaps, in a difference in diet and a 
different dosage of parathormone. Bauer and his associates gave 
more calcium than my rats received, whereas tlieir dose of parathor- 
mone was only about one-half as great as the dose I used. Under 
such circumstances new bone formation may keep pace with or 
exceed bone destruction and the newly formed osteoid tissue, which 
appears abundantly in many of my sections (Figs. 9 and 10), may 
become more or less calcified. An increase in bone density was 
observable in some of my experiments on the dog.-° 

Summary, ^^liite rats, aged from 6 to 12 weeks, were injected 
daily for periods of from 10 to 43 days with parathormone in doses 
of from 10 to 20 units. A Steenbock normal rat diet was given.’" 
Uninjected litter mates as controls remained well, whereas the 
injected animals developed, without exception, muscular weakness, 
hypotonia and skeletal lesions characteristic of osteitis fibrosa 
osteoplastica (von Recklinghausen), namely, a lacunar resorption of 
bone with softening and deformitj’-, bending and multiple fracture. 
The cortex and marrow of these bones were largely replaced by' 
fibrous connective tissue containing numerous giant cells, and new 
bone osteoid tissue was also in evidence in numerous cases. 

Conclusion. Chronic hj-perparathyroidism produced in rats by 
repeated injections of parathormone leads to bone changes which 
justify a diagnosis of osteitis fibrosa. These experiments support 
the conclusion that the cause of clinical osteitis fibrosa osteoplastica 
(von Recklinghausen) is an excess of the parathyroid hormone. 
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Fig. 2 Fig. 3 

Fig. 2 . — Hat 23, Bone destruction, os]iecially at upjicr end of each tibia; patho- 
logic fracture and cyst of head of humerus. Roentgenogram made on 20th day of 
e-^\)orimont. Animal received 15 units of parathormone for 16 days and 20 units a 
day for last 4 days. 

Fig. 3 . — Rat 23. Roentgenogr.am (7 days after that of Fig. 2) shows destructive 
process further advanced as a result of continued treatment. Dosage of parathormone 
20 units d:ii!y. 



Fig. 4 Fig, 5 

Fig. 4. — Hal 23. Destructive process 14 days later than that of Fig. 2. Treatment 
was discontinued after tliis roentgenogram was made, animal at this time had same 
gross appearance as shown in Fig. 1. Dosage of parathormone 20 units d.aily. 

Fig. S. — Ital 23. Upper and lower limbs of animal by roentgenogram 8 months 
after treatment was discontinued, diet and other conditions remaining the same. 
Grossly the bowing had entirely disappeared. Except for slight curvature of some 
bones and exostoses of one foreleg, appearance of Rat 23 by roentgenogram at this 
stage was no different from that of its control litter mate as shown on same film. 
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Pig. 9. — Rat 3. Animal killed on 42d day of experiment. Ten units of para- 
thormone daily for 7 days, 20 units for 3 days and 15 units for 23 days. Normal 
appearing epiphyseal cartilage, proliferation of osteoid tissue, filling in of spaces 
by fibrous eonnective tissue and cysts in lymphoid marrow. ( X 55) 



Fig. 10.~Rat 1. Animal killed on 42d d.ay of experiment. Ten units of para- 
thormone daily for 3.3 days. Abundance of osteoid tissue in shaft of long bone with 
numerous spaces filled by fibrous connective tissue. ( X 30) 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM, 
m. Osteitis Fibrosa Produced in Puppies. 

By Joseph L.' Johnson, M.D.,* 

CHICAGO, ILL. 

(From the Department of Medicine, University of Chicago.) 

The production of a chronic state of hyperparathyroidism in 
experiments on man and rats has been reported and the more 
important literature bearing on spontaneous and experimental 
hyperparathyroidism is reviewed in the previous papers of this 
series. The present communication deals with the effects of re- 
peated injections of parathormone in the dog. 

Methods. Puppies were used because of the probability that young bones 
would show more striking changes from a decalcifjdng procedure. Their 
average age was about 8 weeks. Mineral balance studies were contem- 
plated t and for this reason a synthetic diet was given to the first group of 

* The e.xpenses of tliis research were met from the John D. Hertz Fund. 

t It proved to be impractical to conduct metabolic observations on these small 
iinimals. The reiieated collection of blood was difficult to make and of questionable 
influence on the course of the disease; quantitative collection of urine and feces was 
impossible. For this reason this phase of the problem w.as studied with human 
subjects, as has been preidoifsly reported. 
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* Tilt’ numontls in this column used ns exponents and without parentheses represent the number of injections of the specified dose; and the 
uumenils within parentheses represent the number of days over which these iiu’ections’ were spread. 

t The numernhs in tliis column represent the day of the experimental period when the observation was made. 
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these animals. It was composed of casein, 37.8; sucrose, 34.9; lard, 17.0; 
butter fat, 7.0; bone ash, 2.3 and a salt mixture, 1.2 gm. The salt mixture 
consisted of sodium chlorid, 10; calcium lactate, 4; magnesium, 4; ferric 
citrate, 1.0 gm.; iodin as potassium iodid, a few drops and vitamin B in 
Harris’ yeast Autamin powder. This diet is Cowgill’s^ improvement upon 
Karr’s diet for metabolism experiments with dogs. The animals treated 
with parathormone did so poorly on this regimen that it was soon discon- 
tinued. Swift’s Silver Fur Kennel ration was then used for a short time and 
finally a supplemented meat diet consisting of ground lean meat, bread, 
orange juice and cod-liver oil. . 

With few exceptions all animals were photographed before the experiment 
started and at intenmls during the experiment. Roentgenograms were 
made before and at intervals during the experiments. Roentgenograms of 
the dissected bones were obtained after the death or killing of the animals. 
The soft parts were examined grossly and some of them kept for future 
microscopic study. The long bones were split longitudinally and examined 
grossly. The split bone was fixed in formalin, decalcified in 5 per cent nitric 
acid, mounted in paraffin and stained with hematoxylin and eosin. In 
some instances Mallory’s connective tissue and van Gieson’s stains were 
used. 

Parathormone was administered subcutaneously in doses ranging from 
2 to 20 units daily. In order to keep the animals alive for long periods it 
was found to be necessarj'- to begin with small doses and increase gradually. 
The average duration of the experiments was about 35 days, although some 
animals lived for only a few days and some of the experiments were con- 
tinued for several months. Many animals were lost from over-dosage and 
other causes before correct conditions were established. A chronic state 
of h3nperpaTathyroidism which was long enough in duration for bone pathol- 
ogy to develop was the objective. The diet, the dosage of parathormone and 
the environment all proved to be important factors for success. The supple- 
mented meat diet proved best. Warm, dry, clean and well ventilated quar- 
ters were found to be indispensable. The dosage of parathormone would 
depend upon the age of the animal and its condition. The younger animals 
tolerated large doses badly. In every case very small doses were used at 
first and the amount gradually increased. A control animal of the same 
age, usually a litter mate, was given the same diet and maintained in the 
same cage with each experimental animal. 

Residis. A total of 35 puppies w^ere given parathormone in the 
course of these experiments. Abstracts of the protocols of a few 
experiments selected to cover the range of obserxmtions are given in 
tabular form. (Table 1.) The details of earlier studies were 
reported last year as a dissertation for the doctorate in medicine. 

It was of special interest that 5 puppies that had been treated 
with parathormone for varying periods developed tonic and clonic 
spasms when the drug was discontinued. This tetany had the ear- 
marks of parathjToid insufficiency. It caused the death of all 5. 
The serum in 1 of these was found to contain 10 mg. of calcium for 
each 100 cc. It was not examined in the other animals. 

The abnormalities noted in all of these experiments were strik- 
ingly similar. Muscular w’eakness, hjTJotonia and bone deformi- 
ties were invariable. Action pictures demonstrate muscular weak- 
ness by the limping gait, inability to jump and climb and frequency 
of resting. Gross observ’ations revealed lateral bowing of the fore- 
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Fig. 1. — Dog 6. Bowing of forelimbs after parathormone administration. Ani- 
mal received a total of 46 units of parathormone in doses of from 2 to 8 units a day, 
'and during first 7 days of experiment a total of 24 drops of viosterol in doses of from 
3 to 5 drops a day. Medication was entirely discontinued on the 15th day of experi- 
ment and this photograph taken on the 16th day. 



Fig. 2. — Dog 2. Kiiobhing of wrists following jiaratlionnoiic administration. 
Sixtcontli day of experiment . Animal started on 12 units daily and reduced on 3d day 
to S units daily. Injections wore discontinued on Pth day Lxicausc of failing condition 
of animal. 
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limbs and knobbing of the wrists of the majority of these animals 
(Figs. 1, 2 and 3). The roentgenograms show rarefaction, moth- 
eaten appearing areas, increased and distorted trabeculation and 
cysts of the long bones (P'igs. 4 and 5). In some cases the pelvis 
was likewise involved. In some instances cysts were large enough 
to be plainly visible to the unaided eye wlien the long bones were 
split (Fig. 6). The most outstanding histologic changes, were 
osteoporosis, resorption of both cortical and trabecular bone, en- 
largement of Haversian and communicating canals, the filling of 



Fxg. 3.— Dog 45. Deformity of forolimbs following parathormone administration. 
Photographed on 41st day of experiment. Started on 5 units daily and gradually 
increased to 20 units. 

these spaces by fibrous connective tissue, proliferation of osteoid 
tissue and cyst formation. Giant cells with numerous small, roimd 
nuclei appeared in large numbers, associated with fibrous connective 
tissue as well as in close pro.ximity to bone which was undergoing 
resorption (Fig. S). 

Only in Dog 45 was there any apparent disturbance in growth of 
the epiphyseal cartilage. In this animal a marked overgrowth of 
cartilage cells suggested rickets, but even here there was a marked 
associated replacement of bone and marrow by fibrous connective 
tissue, as well as bone resorption and proliferation of osteoid tissue. 
.-\n occasional init infrequent observation was a slate-blue colora- 




Fig. 4. — Dog G. Cysts in humeri. 



Fig. 5. Fig. G. 

Fig. a . — Dog 29. Left .mcl riglit femur. Multii)le cysts. Ilhistr.itions in Fic. 
of Dog 29 were made at tiie termination of tlie exjicrimcnt on tlie G2d dtiy. 
.Vnimal had received from 5 to 20 units of parathormone daily for a total of 720 
units. 

Fig. G. — Dog 33. Two halves of right femur sliowing gross ni>i)earance of cysts. 
Five to 20 units of parathormone daily for a total of 57.5 units. .Animal died on 
o'Jth day of OKiK-rimcnt, at which time iihotograjihs were made. 




Fig. S. — Dor 42. Animal rpc-aivocl 5 to 20 units of parathormone daily, 

777 units; and 40, later 20, drops of viosterol daily, total 1340 drops. Ivilicci on o< tn 
day of e.^iieriment for histolonic study of bones. Three multinucleated pinnt eel s 
and marrow fibrosis. ( X 230.) 
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tion wliicli completely obliterated the transparent ajipearance of 
the cornea. 

Discussion. With siiitabl^'^ nourished and well-cared-for puppies 
and proper precautions . regarding dosage, it is thus possible to 
reproduce experimentally, by repeated injections of parathormone, 
a clinical picture that closely resembles the osteitis fibrosa osteo- 
plastica described in man by von Recklinghausen. Similar results 
have been obtained with the rat^ and by Bodansky and Jaffe’ in 
the guinea pig and dog. A wide variety of symptoms and abnor- 
malities had been noted in the human disease. In the experiments 
described on rats, dogs and man the repeated injection of parathor- 
mone has caused practically every peculiarity that has been noted 
clinically. Not all of these changes have been observed in an}'^ one 
animal any more than all have been observed clinically in any 
single case, but those which occur often enough in the spontaneous 
diseases of man to be of diagnostic importance have been reproduced 
with great regularity by these experiments. 

The confusion of nomenclature in connection with diseases of the 
bone is particularly apparent in the literature of hyperparathyroid- 
ism, and although it was expected that a bone disease would result 
from such repeated injections of parathormone it could not be fore- 
told whether this would be osteitis fibrosa, osteomalacia or rickets, 
Erdheim postulated that the enlargement of the parathyroids, seen 
so often in association with osteomalacia, represented an inadequate 
attempt at compensation and some clinicians have credited him 
with the same view for osteitis fibrosa and have used the terms osteo- 
malacia and osteitis fibrosa interchangeably. From the results of 
these experiments, and others to be reported, in which animals 
receiving parathormone were simultaneously treated with viosterol, 
it is evident that the tivo diseases are distinct and that hj'^perfunc- 
tion of the parathyroid glands, while secondary in the case of osteo- 
malacia or rickets, is a primary factor in the pathogenesis of osteitis 
fibrosa. The relationship of these conditions will be discussed more 
fully in a subsequent report. 

Summary. The experimental production in puppies of a state of 
chronic hyperparathyroidism is^reported and descriptions are given 
of the gross, roentgenologic and microscopic abnormalities resulting 
therefrom. This experimental disease, produced with repeated 
injections of parathormone, is characterized by skeletal lesions and 
other abnormalities which correspond closely to those observed in 
clinical cases of osteitis fibrosa osteoplastica (von Recklinghausen). 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM. 

IV. Effects op Administration of Irradiated Ergosterol. 

By Joseph L. Johnson, M.D.,* 

CHICAGO, llili. 

(From the Department of Medicine, University of Chicago.) 

The production of chronic experimental hyperparathyroidism in 
man, rats and dogs has been discussed in three previous papers. 

The skeletal lesions resulting from repeated injections of parathor- 
mone are those observed in a disease first described by von Reck- 
linghausen and named by him osteitis fibrosa osteoplastica. The 
influence of irradiated ergosterol on the course of this experimental 
disease is the subject of the present communication. 

'A relationship between the parathyroid glands and vitamin D 
has been suggested by the observations of a number of investiga- 
tors. Nonidez and Goodale/® and Higgins and Sheard® noted 
hyperplasia of the parathyroids in fowls deprived of \’itamin D. 
Hess, Lewis and Rivkin^ found that irradiated ergosterol no longer 
raised the level of serum calcium in a parathyroidectomized monkey 
although the same animal had, previous to operation, responded 
by a rise to the normal from a serum calcium level previously low- 
ered by a diet deficient in calcium. Similar observations on dogs 
led tliem to the conclusion that vitamin D would stimulate para- 
thyroid activity. Prevailing views as to the mechanism of this 
action are conflicting. Morgan and Garrison’® agree with Hess 
that parathyroid activity is more pronounced in the presence of 
vitamin D, but differ from him by denying that anj'’ more hormone 
is produced. In other words, the action of the vitamin according 
to them is upon the hormone rather than the glands. Also Jones, 
Rapoport and Hodes’^ have produced hypercalcemia in para- 
thjToidectomized dogs when large doses of irradiated ergosterol 
were used and have found that a pre-operative administration of 
irradiated ergosterol prolongs life, and either prevents or delays 
the onset of tetany in thjnoparathjToidectomized dogs. They are 
thus agreed with jMorgan and Harrison that the action of vitamin D 
is not upon the glands and regard its effects as supplementary to 
those of the hormone. 

From incompletely controlled observations in a clinical case of 
osteitis fibrosa with parath^Toid gland tumor, the impression was 
gained that cod-liver oil (vitamin D) was clinically beneficial. 
Wilder-® pointed out that an antagonism was suggested by tin's 
obser\'ation, and Compere® and Quick and Hunsberger’' have since 

* T)ie exi>enBCs of this J•c=c.^rch were met from the John D. Hertz Fund. 
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reported clinical experience which seemed to substantiate this 
hypothesis of antagonism. However, the interpretation placed 
upon the experiments of Nonidez and Goodale, and of Higgins and 
Sheard, namely, that the action of the parathyroids and vitamin D 
is supplementary, is quite untenable if this is true, because, as 
Wilder stated, “if irradiated ergosterol supplements the para- 
thyroids its exhibition should aggravate, certainly not benefit, con- 
ditions attributable to overfunctioning of the parathyroid glands.’^ 

It was for the purpose of obtaining more definite experimental 
evidence in this problem that irradiated ergosterol was given to 
animals receiving parathormone. The results obtained have con- 
vinced me of the essential difference between either osteomalacia 
or rickets and osteitis fibrosa. The osteitis produced by chronic 
injections of parathormone® was actually aggravated by the 
simultaneous administration of irradiated ergosterol and no antag- 
onism whatsoever could be demonstrated. 

Methods. The study covers experiments with rats, dogs and human 
subjects. Metabolic investigations formed the most important feature of 
the observations on man. The methods and results of these have been 
reported by Johnson and Wilder.**' In the work with rats and dogs the 
same methods were used as were reported*®,** for e:q)eriments vith para- 
thormone alone, except that irradiated ergosterol (viosterol) was adminis- 
tered bj'’ mouth. Litter mates of the animals wluch received parathormone 
alone served for this purpose, the experiments running simultaneously. 
The same dosage of parathormone was used in both groups of animals. 
The rats received 10 to 20 units of parathormone daib”-, and 10 to 15 drops 
of viosterol.* In the case of Rat 5, 15 to 60 drops were given, and Rat 7, 
received 15 to 30 drops (Table 1). The puppies had from 2 to 20 units of 
parathormone daily and from 3 to 40 drops of viosterol. The latter was 
mixed with the food for the rats and in the case of the puppies was dropped 
directly into the back part of the mouth. Its introduction always preceded 
the parathormone inj ections by several daj's. Other litter mates on identical 
diets, but no medication, sensed as controls. 

One rat, No. 30, was carried on viosterol alone for 24 days and then 
upon parathormone and viosterol for 5 days (Table 1). 

Results. Fifteen puppies and 20 rats received viosterol together 
with parathormone in this series of experiments. Illustrative proto- 
cols are presented in the accompanydng tabulation. The results in 
the early studies with puppies suggested some protection from the 
irradiated ergosterol, but later e.xperiments witli puppies and rats, 
and the metabolic data obtained with human subjects, disprove 
this and clearly indicate that irradiated ergosterol not only is not 
antagonistic in its action but actually intensifies the effects of para- 
thyroid hormone. The same outstanding lesions, observed by gross, 
roentgenologic and micT()sco])ic examinations in the parathormone 
exponments*®'** were equally and usuall\- more prominent in animals 
treated with both jiarathormune and irrailiated ergosterol. (Figs. 

1 to 12.) 

* A droppor furnished with tlie Johnson-Moad product was always us^cd. 
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Among the most interesting adtlitional observations in the ]iara- 
thormone viosterol experiments was a marked metastatic calcifica- 
tion of the kidneys. In no instance, when parathormone was 



Eio. 1. — Dog 42. Bo-ning of fore legs after parathormone and viosterol adminis- 
tration of 38 days. Animal received from 5 to 20 units of parathormone daily during 
this period. For first 11 days of experiment 40 drops of viosterol was given each day 
after which dose was reduced to 20 drops daily. 


given alone, could the kidney be definitely visualized by roentgeno- 
grams, although in 2 cases in rats there were faint outlines sugges- 
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2. — Dog 42. Flcxiblo and filjrous right fibula after parathormone and rio- 
sterol administration. Animal killed to terminate experiment on Gith day. In 52 
days 777 units of parathormone was administered in doses of from 5 to 20 units a 
day. 1340 drops of riosterol was given in 50 daySr 40 drops a day for first 11 days 
and 20 drops for 45 daj'S. » 


tivc of such visualization. With the simultaneous administration 
of i)arathormone and viosterol the kidney of the rat was repeatedlj' 
and clearly visible in the roentgenograms. (Fig. 3.) 




Fig. 3. 


Fig. 4. 


Fig. 3. — Rat 5. Rarefaction and resorption of long hones, kyplioscoliosis and 
•calcified kidneys. Roentgenogram made at termination of cxiieriment on 42d day. 
A total of 430 units of parathormone had Iseen administered in .31 days in doses of 
from 10 to 20 units per day. 1240 drops of -viostcrol was given in 51 daj-s in quanti- 
ties of from 15 to GO drops a day. 

Fig, 4. — Rat 21. Marked bone destruction at upper end of each tibia and slipped 
■epiphysis at head of humerus. Roentgenogram made on 2Gth day of experiment. 
-V total of 210 units of parathormone in doses of 15 units a day and a total of 255 
•drops of viosterol at rate of 15 drops a day had been administered. Fig. 5 shows 
healing in same animal 7 days later. 
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Fig. 7, 


Fig. S. 


Fig. 7. — Rat 30. No evidence of bone lesions or kidney calcification after 24 
clays on viosterol. (Roentgenogram made 16 days after Fig. 6.) 

Fig. 8. — Rat 30. Rarefaction of skeleton bone destruction and striking calcifi- 
cations of the kidneys. This roentgenogram was made 7 days after that shown in 
Fig. 7. During the first 4 of these 7 days the animal received 15 units of para- 
thormone daily in addition to viosterol. 



Fig. 9. — Rat A. Resorption of cortical bone. (X 60.) Animal died on 10th 
day of experiment and had received 20 units of parathormone daily for 8 daj's and 15 
drops of \-iosterol a day for 8 days. 



Fig. 10. — Rat A. Fibrous tissue replacement of bone and bone marrow. lacunar 
resorption, cysts, osteoid tissue and giant cells. ( X GO.) See legend of Fig. 9. 



Fl>:. II.— Rat 5. Fibroins tissue replacement of lione, filling in of enlarged 
canal? of the cortex by fibrous tissue, cysts and osteoid fis-sue. (X 30.) See legend 

of Fig. 3. 
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In order to answer the question as 'to whether or not irradiated 
ergosterol was alone responsible for this greater degree of meta- 
static calcification, Rat 30 was kept on this vitamin D concentrate 
for 24 days, before being given parathormone. At the end of that 
time no metastatic calcification was evident roentgenologically 
(Figs. 6 and 7), and on the twenty-fifth day 15 units of parathor- 
mone was injected. This dose was continued for 3 days, where- 
upon the p^e^dously excellent condition of the animal changed to 
a poor one. The dose was then decreased to 10 units for 1 day and 
discontinued. In roentgenograms made when this treatment was 
stopped the kidneys are clearly visible. (Fig. 8.) The animal 
died 2 days later. 

The roentgenograms of Rat 21 bring out another interesting- 
feature, namely, the rapidity of healing of the skeletal lesion. This 
animal had developed all of the gross deformities and roentgeno- 
graphic changes of osteitis fibrosa. (Fig. 4.) With other condi- 
tions remaining the same, parathormone and viosterol were discon- 
tinued. Seven days later roentgenograms revealed a very striking 
amount of healing. (Fig. 5.) 

The histologic examinations of the bones of both the rats and 
dogs in these experiments revealed extensive resorption of trabecu- 
lar and cortical bone, proliferation of osteoid tissue, cyst formation, 
giant cells and replacement of bone and marrow by fibrous connec- 
tive tissue. (Figs. 9, 10 and 11.) The Iddneys showed enormous 
calcium deposits in the tubules and interstitial tissue but no stone 
formation. (Fig. 12.) 

Discussion.— A comparison of the results in these experiments 
with those reported previously shows that the skeletal abnormal- 
ties were as great and usually greater when irradiated ergosterol 
accompanied the injections of parathormone. Also, as reported 
earlier,^2 the pain, muscular weakness, headaches and lassitude 
experienced by the human subject were worse during the period 
of parathormone and irradiated ergosterol than they had been 
during the parathormone period. The negative calcium and 
phosphorus balances of -the parathormone period of the human 
experiment became greater during parathormone and irradiated 
ergosterol administration.^^ These observations indicate that irra- 
diated ergosterol actually aggravates the conditions attributable to 
hyperparathyroidism. 

Metastatic calcification has been frequently reported in conditions 
of parathyroid overfunction, and likewise in connection with the 
administration of irradiated ergosterol. The Iddney in each in- 
stance has been one of the most frequent tissues affected. • I have 
found, however, no clinical or experimental reports of renal calcifi- 
cation sufficiently intense to render the Iddney visible by roentgeno- 
gram. In these experiments neither parathormone nor irradiated 
ergosterol alone produced sufficient calcification for kidney visualiza- 
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tion, but ivben the two substances were administered simultaneously 
the kidneys could be clearly seen. (Fig. 3.) On microscopic ex- 
amination calcium was found .in the tubules and to a less extent 
in the interstitial tissue in the parathormone as well as the parathor- 
mone irradiated ergosterol animals, but much more abundantly in 
the latter. (Fig. 12.) There was also considerable damage to 
renal parenchyma. Nephritis and neplirolithiasis, seen clinically 
in association with tumor of the parathjToid gland and osteitis 
fibrosa, may well be explained on the basis of this metastatic 
calcification. 



Fig. 12. — Rat 5. Calcium deposits in kidney. (X 12.) 


These experiments permit of the following interpretation. Vita- 
min D either stimulates the parathyroid glands to secrete more 
hormone or intensifies the activity of the hormone in circulation or 
supplements in its action the effect of the hormone. They certainly 
bring no evidence of inhibition of the glands or neutralization of 
the hormone, and consequently no support for the clinical treatment 
of states of hyperparatlij’roidism with cod-liver oil, ultraviolet light 
or irradiated ergosterol. The danger of intensifying metastatic 
calcification is very real, and for this, if for no other reason, treat- 
ment with vitamin D is definitely contraindicated in osteitis fibrosa. 

The outcome of the study also indicates the complete etiologic 
dissimilarity between the osteitis fibrosa and rickets or osteomalacia. 
The skeletal lesions of the former are intensified bj' vitamin D con- 
centrates which are so beneficial in the latter. The hypertrophy 
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of the parathyroids that accompanies rickets, as noted first by 
Erdheim, and tlie similar hypertrophy of these glands, that occurs 
in fowls that are grown under amber light or are otherwise deprived 
of vitamin D is a phenomenon secondary to vitamin D deprivation. 
It may be an attempt at compensation, as originally suggested by 
Erdheim. That such gland produces more hormone than normal 
is not improbable, but that this increased hormone output is not 
in excess of the tissue demand is shown by the absence of lesions 
like those which appear when parathormone is administered to 
normal animals. In osteitis fibrosa we have to deal with normal 
demand and excessive supply of hormone, for which' a primary 
enlargement of parathyroids is responsible. These conclusions are 
in harmony with the observation that in rickets and osteomalacia 
hypertrophy involves all of the parathyroids with more or less 
uniformity, whereas it is a rule in osteitis fibrosa for one or at most 
two glands to be enlarged as tumors with the remainder remaining 
normal in size and structure. The case of osteitis fibrosa studied 
by Hannon and his colleagues,® and later operated upon by Richard- 
son,i® is no exception to this rule. A careful surgical exploration 
of the neck failed to reveal either a tumor or any general hyper- 
trophy of the parathyroids, but this only suggests that overfunetion 
of parathyroids and excessive hormone supply may oecur in the 
absence of anatomic abnormalities. Several analogies ean be 
eited, partieularly the healthy appearance of the islets of Langer- 
hans in certain outstanding instances of hyperinsulinism, as reported 
by Allan! and the Finneys.^ 

Summary. An answer was sought to the question as to the rela- 
tionship of osteitis fibrosa to those other skeletal diseases, especially 
rickets and osteomalacia, that are also associated with hypertrophy 
of parathyroid glands. Metabolie studies of the.problem have been 
reported previously; the results of animal experiments are given 
here. Irradiated ergosterol, in a dosage of 5 to 60 drops daily, was 
fed to young, white rats and puppies maintained in a chronie 
state of hyperparathyroidism by the daily injection of parathor- 
mone. These animals were litter mates of others that developed 
the skeletal lesions of osteitis fibrosa when treated with parathor- 
mone alone.!®'!! The technique of experimentation, the diets and 
dosage of the parathormone was the same as that previously 
reported.!® •!! The outcome was the same, except that the result- 
ing lesions typical of the skeletal abnormalities of osteitis fibrosa 
were, on the whole, more extensive. Metastatic calcification in the 
kidneys was also more marked. 

Wheieas vitamin D concentrates effectively protect against rickets 
or osteomalacia, it is evident from these experiments that they 
intensify the disease produced by excess of parathyroid hormone. 
It is, therefore, clear that rickets or osteomalacia differ essentially 
in pathogenesis from osteitis fibrosa. While the hypertrophy of 
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the parathyroids in conditions of vitamin D deficiencj’’ may be com- 
pensatory and is certainly a secondary phenomenon, the tumors of 
paratliyroids found in association with osteitis fibrosa are of primary 
significance. It is recognized, however, that overfunction of para- 
thyroids may occur in the absence of tumors or other morphologic 
abnormality. 

The technical assistance of Mrs. Helene Wallace and of Mrs. Estellena G. Johnson 
in the preparation of the histologic sections in these experiments is gratefully acknowl- 
edged. 

Note. — I desire especially to acknowledge invaluable suggestions and criticisms 
from Dr. Russell M. Wilder. 
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PEDIATRIST, UNITED ISRAEL ZION HOSPITAL; VISITING PHYSICIAN, 
KINGSTON AVENUE HOSPITAL, 

AND 

Hyman Lieberman, M.D., 

ASSISTANT PEDIATRIST, EXITED ISRAEL ZIOX HOSPIT.4.1., DROOKLVX, X. Y. 

It lias been fairly well established by animal ex]ierimentation 
and clinical observation that excessive doses of irradiated ergosterol 
are capable of producing definite ill effects. Relatively few instances 
of disturbances due to small amounts are mentioned in the literature. 
The present study was undertaken because oliservation seemed to 
indicate tliat the prevalence of idiosjmcrasy to viosterol is greater 
than hitherto reported. 
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About 1 year ago we encountered in our private practice several 
instances of mild enteric disturbances of obscure origin which 
occurred in infants without any apparent relationship to change of 
diet or parenteral infection. Observation revealed that these ill 
effects were prevalent among those who were receiving prophylactic 
doses of acterol or viosterol, 100 D. It was decided to investigate 
further to determine a possible relationship to the medication. 

Scope of Investigation. Irradiated ergosterol in the form of vios- 
terol, 100 D or 250 D (after the introduction of the latter) was 
administered to 200 infants who continued under our observation 
for a period of from 6 months to 1 year. Treatment was instituted 
at the age of 7 weeks if possible or at the time of the first visit. 
The initial dose was 1 drop 3 times a day for 4 days and then 
increased 3 drops a day every fourth day until a total of 5 drops 
3 times a day was reached. This latter dosage was not increased 
except in cases of prematurity or florid rickets. The final dose 
was continued for the entire period of observation or until untoward 
symptoms were observed. Ill effects resulting from more than 
9 drops a day are considered due to excessive dosage and not as 
instances of idiosyncrasy. 

In those infants who showed any disturbances, the viosterol was 
immediately discontinued and the mother instructed to render daily 
telephone reports of the subsequent condition of the child. The 
medication Avas suspended for 3 or 4 weeks and then resumed in 
1-drop doses 3 times a day and increased every fourth day as indi- 
cated above. The mother continued to report daily until the case 
was placed in the idiosyncrasy or nonidiosyncrasy group. A physical 
examination and change of diet Avas made every 4 weeks. It Avas 
considered at the onset of the study to consider only those distur- 
bances as being due to the action of viosterol which shoAved the 
folloAving sequence: The ill effects appeared after administration 
of viosterol, subsided upon its suspension and reappeared upon its 
resumption. No case Avas to be included Avithin the idiosyncrasy 
group unless this repetition of symptoms occurred and recurred. 

To determine Avhether the results Avere produced by irradiated 
ergosterol or by the oil medium, it was decided to administer the 
latter without viosterol. Nonirradiated maize oil, obtained through 
the courtesy of Mead, Johnson & Co. and stated by them to be 
the medium used in their product, Avas administered to 5 infants 
Avho had previously shoAvn ill effects on viosterol. The dosage was 
equal to that of the original administration of the drug and Avas 
given for 1 Aveek. Unfortunately Ave were able to obtain consent 
of only 5 mothers and our findings for this phase of the study are 
therefore inconclusive. 

Previous Condition of Infants in Idiosyncrasy Group. A considera- 
tion of the previous health of the infants AA’'ho reacted to the drug 
is impoitant foi a propei’ eA^aluation of the study. It so happened 
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that all but 2 were artificially fed. The health and general condition 
were good as attested by increasing weight and normal development 
along mental and physical lines. None of the infants presented 
any signs of rickets at the onset of treatment. 

There was a previous history of vomiting in 3 infants which had 
been controlled prior to the institution of treatment. The admin- 
istration of even 1 drop of viosterol in 2 was followed almost imme- 
diately by ■i'omiting, but in the third infant there was no recurrence. 
No child was included in this group who had a previous history of 
diarrhea. Constipation was present in 4. 

Eesults. Of the 200 infants studied, 15 showed untoward symp- 
toms and form the basis of this report. There were, however, 
numerous other instances where ill effects appeared after 1 admin- 
istration, but through the mother’s refusal to continue the procedure 
as indicated above, they are not included. In another small per- 
centage of cases also not included, the disturbances appeared after 
the drug had been given but did not reappear upon its resumption. 

In the 15 cases cited, untoward results appeared almost imme- 
diatel 5 ’^ or within 1 or 2 days. These disturbances were found with 
doses ranging from 1 drop given only once to 3 drops 3 times a 
day. A few instances were noted of a continued disturbance after 
the drug had been stopped, confirming Hess’^ belief in its progressive 
action. Schmidtmann,® on the basis of experimental work on cats 
and rabbits, also concluded recently that the drug exerts an effect 
on tissues even after it had been discontinued. 

The ill effects in the order of their frequency were: loose bowel 
movements, vomiting, loss of appetite, colic and stationary or loss 
of weight. These sjauptoms usually appeared in various combina- 
tions, but only 1 infant manifested all the possible effects while 
5 showed only 1 disturbance. 

Diarrhea. The most frequent untoward symptom was an alter- 
ation in the character of the stools, occurring in 12 infants. The 
effect varied from 2 to 3 soft, normal movements to a definite 
diarrhea of numerous, loose, watery, yellow or gi-een evacuations 
which were slimy in some instances. The condition generally sub- 
sided within a day after the drug had been discontinued, but in 
2 instances a continued action necessitated a change to lactic acid 
or protein milk feeding. It was a fairly common occurrence for an 
infant with a previous obstinate constipation to pass 1 or 2 soft 
stools after tlie administration of viosterol. The dose of tolerance 
ranged from 1 to 9 drops, varying with eacli individual. In com- 
parison to the infant who could not tolerate even 1 drop, there was 
the other who showed no ill effects until given 9 drops a day. In 
1 child, 3 to 4 loose, yellow movements a day appeared as long as 
viosterol was administered. The large.st number of stools noted in 
1 day was 25, in a idiysician’s cliild. 
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Vomiting. Vomiting was noted in' 8 infants, occurring in all but 
1 as an associated symptom. In some it followed almost immediately 
upon the administration of viosterol, while in others it did not 
appear until 2 days later. Instances of slight spilling are not con- 
sidered under this heading. Suspension of the medication generally 
resulted in a cessation of disturbance except in 2 infants, in whom 
it continued for 3 and 4 days respectively. In every instance 
vomiting eventually subsided with the discontinuation of the drug 
and recurred on its resumption. 

Loss of Appetite. Loss of appetite was not considered an unto- 
ward symptom unless it appeared in combination with other ill 
effects, because of its common occurrence during infancy. In some 
infants an impairment of appetite was dominant while in others it 
was of secondary importance. As with the other ill effects, it 
appeared either immediately or within a few days after the insti- 
tution of treatment. One infant illustrated the rapidity with which 
viosterol acted at times. He received 1 drop in orange juice at 
8 A.M., he refused his bottle at 9 a.m. and experienced an attack of 
severe colic at 12 noon. Subsequent administration always resulted 
in almost instantaneous loss of appetite. 

Colic. Intestinal colic was present in 4 infants and always in 
association with other symptoms. The latter were diarrhea and 
vomiting in 3 infants and loss of appetite in 1. At no time did it 
occur in combination with constipation as reported in J. H. Hess’ 
series with excessive dosage.® The effects were immediate in every 
case with a dosage ranging from 1 to 3 drops. One infant vomited 
immediately after the ingestion of 1 drop of viosterol but reacted to 
3 drops by a severe attack of colic, diarrhea and vomiting. 

Weight. The general condition of the infants was not affected 
by the occurrence of untoward symptoms. There was an increase 
in weight in all but 3. Stationary weight was found in 2 children 
and was associated with loss of appetite, vomiting and 2 or 3 loose 
movements a day. One showed in addition an intolerance to Alpine 
lamp treatment as evidenced by stationary weight and loss of 
appetite during the entire course of treatment. Both infants 
gained in weight on the discontinuance of viosterol without any 
change in diet. Loss of weight was encountered in 1 infant who, had 
a protracted diarrhea following administration of viosterol and 
which continued for weeks after the drug had been stopped. The 
effect on weight in these 3 infants may well be attributed to the 
composite^ action of associated symptoms and not to the direct 
effect of viosterol. 

Rash. Two instances of rash, one erythematous and the other 
maculopapular, seemed to be due to administration of viosterol 
but are not included within the 15 cases of idiosyncrasy because of 
failure to reappear upon the resumption of the medication. 
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N onirradiatcd Mmze Oil. Administration of nonirradiated maize 
oil to 5 infants who had previously manifested untoward symptom- 
atology after viosterol was not followed by any disturbances. 

Blood and Urine Findings. Because of the limitations placed 
upon a clinical studj" of private office patients, we are unable to 
present any data on the calcium or phosphorus content of the blood 
or on urinary analysis. i 

Duratmi of Idiosyncrasy. As with other idiosyncrasies, that for 
viosterol is probably not of a permanent nature. This is well 
illustrated in 1 infant in our series who received the initial dose of 
2 drops 3 times a day at the age of 9 weeks and 2 days later reacted 
by vomiting and diarrhea. From tlien on (December 14, 1929) until 
►September 3, 1930, the administration of even 1 drop was followed 
bj" the evacuation of loose, watery stools. In the latter part of 
September, 1930, the mother ventured once more to give 1 drop, 
and not obtaining any subsequent diarrhea, gradually increased the 
amount to 20 drops at one dose. There was no reaction for the 
next 2 months, when we saw the child and advised that the amount 
be diminished to 15 drops. 

Comment. The original investigations of PfannenstieF and of 
Kreitmair and MolP on the production of ill effects by massive 
amounts of irradiated ergosterol in animals have been confirmed by 
others.® We now possess a fairly definite syndrome following the 
administration of 1000 to 40,000 times the prophylactic dose which 
may be briefly summarized as follows: 

Subjective and Objective. Loss of appetite and lowered food intake ; 
stationary or actual loss of weight; cache.xia; diarrhea; diminution 
in heart rate. 

Chemical Alterations. Hypercalcemia; hyperphosphatemia; urine 
saturated ivith calcium salts; increased acidity of feces; protein con- 
centration of serum decreased with higher albumin-globulin ratio. 

Postmortem Findings. Hypercalcification shown by deposition 
of calcium in kidneys, lungs, heart, colon, liver and bladder; for- 
mation of bladder calculi and grit; vascular injuries consisting of 
calcification of aorta and arterioles of kidney and suprarenal gland; 
necrosis of arterioles, especially of kidneys; hj^permineralization of 
bones. In addition to these primary changes, there may be noted 
secondary reduction in size of the spleen and atrophy of thymus 
and loss of fat in subcutaneous tissue. 

Some of the disturbances have been noted in children by several 
clinicians’ after the use of large doses, but which did not approach 
the massive amounts employed in the laboratory. These also may 
be considered from the same viewpoints: 

Subjective and Objective. Gastrointestinal sj'mptoms such as 
diarrhea, vomiting, colic and, in a few instances, constipation; loss 
of appetite; stationary or actual loss of weight; dehydration and 
picture of intestinal toxicosis; stupor and peculiar mental state; 
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pallor; skin rashes and pigmentation; fever; renal irritation mani- 
fested by urinary changes such as diminished output, albuminuria, 
casts and cylinders, presence of red and white blood cells. 

Chemical Changes. Hypercalcemia, hyperphosphatemia and hy- 
permineralization of bones. 

Postmortem Findings. These are similar to those found in experi- 
mental animals but are obviously not as severe. Those reported 
were in infants who were receiving therapeutic or prophylactic 
treatment and who died from intercurrent infection. 

In contradistinction to this, several clinicians feel that the result 
of animal experimentation cannot be carried over to infants. A. F. 
Hess® recently stated that there is little danger of inducing acute 
poisoning from preparations of irradiated ergosterol and that no 
harmful consequences would follow if an infant received, through 
an error, several teaspoons of it. Moore, Dennis and Phillips® fee\ 
“that the preparation is as free from toxic effects as ordinary salt.” 
J. Hess and collaborators® studied a large group of infants and 
found that the administration of 21 to 52 times the prophylactic 
dose in long feeding experiments and 250 times in shorter periods 
did not produce any of the ill effects mentioned by others with the 
exception of constipation and colic. On the contrary, they observed 
an increase in appetite and a gain in weight which was good, but 
not in proportion to the food intake. While not denying the possi- 
bility of toxic effects in large enougli dosage, they consider that their 
results indicate the wide margin of safety in the use of viosterol. 
Sobel and Clamant® did not obtain any unfavorable symptoms with 
large amounts in either short or long feeding periods, one child 
receiving as much as 12 mg. of vigantol daily for 80 days. Kostyal“ 
also reports the absence of any disturbances with both moderate 
and large doses of vigantol. 

While the administration of irradiated ergosterol in prophylactic 
and therapeutic doses is usually not attended by any untoward 
symptomatology, our results indicate that mild disturbances may 
occur in a small percentage of cases with even minute amounts; 
If we adhere to the definition of idiosyncrasy as a susceptibility 
in an individual to the action of a drug or food in amounts whicla 
are tolerated by the average person, then these instances must be 
considered as examples of idiosyncrasy to irradiated ergosterol. 

It is difficult, however, to determine these limitations because 
of fundamental differences in the process of manufacture of the 
various products throughout the world with a resultant variation 
in strength and dosage. In Germany, the amounts are prescribed 
in so many milligrams ranging from 0.5 to 10 per day, depending 
upon the opinion of each individual clinician. Gyorgy^ thinks that 
the amounts usually administered are too large and advocates 0.2 to 
O.S mg. as the prophylactic dose and 1 mg. as the therapeutic, with 
an increase to 2 or 3 mg. in florid rickets and tetany. If we consider 
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that 0.5 to 1 mg. of irradiated ergosterol is the equivalent of 7 to 
14 teaspoonsful of cod-liver oil, and that 5 mg. represent 70 tea- 
spoons of cod-liver oil, then only can we appreciate Avhat these 
various doses indicate. An expression of dosage in terms of milli- 
grams, according to Hess,^ is meaningless. To be of any value, the 
preparation must be of uniform strength and represent definite 
amounts of an antirachitic agent. Biologic tests for potency on 
rats have shown that four widely used preparations made in Ger- 
many, United States, France and England bear the following ratio 
to one another; 2500 to 100 to 80 to 14. The product known as 
Viosterol, 250 D, which is used in this country is biologically stand- 
ardized according to the Steenbock method,*- has a potency of 
250 times that of a high grade cod-liver oil, contains 75 vitamin D 
units per drop and is dispensed with a standard medicine dropper. 
The prophylactic dose is 10 drops per day and the therapeutic, 15, 
with larger amounts for rickets and tetany. 

It is surprising that the literature contains very little information 
on idiosyncrasy to this drug, it being mentioned by only a few 
investigators such as Wiskott,*® Eory,** Ochsenius*^ and A. F. Hess.* 
The latter was at first inclined to associate the peculiar symptom- 
atology with a hypercalcemia and an intercurrent infection, but 
considers “that it is also possible that these children were peculiarly 
sensitive to the action of irradiated ergosterol.”* The only reference 
to the occurrence of an actual idiosyncrasy which we were able to 
find is that of Ochsenius,*^ who observed 3 instances and describes 
in detail the condition in his son Avho was unable to tolerate even 
1 drop Avithout Ammiting every time it AA-as given. Other possible 
examples may be found in Radecourt’s*® 5 patients who showed a 
pigmentation of the skin on receiving 5 drops 2 times a day for 
periods of 7 to 25 days. The ill effects after the use of 4 to 10 mg. 
per day reported by Wiener,** Eory,** Bernheim-Karrer and Zaruski’® 
must be considered from the viev^point of excessive dosage rather 
than idiosyncrasy if Gyorgy’s and Hess’ dosage are accepted as 
adequate. LikeAvise the calcification noted by Putschar*® and by 
Nikolaeff and Zimbler*® may probably be placed upon the basis of 
an increased susceptibility to irradiated ergosterol during the course 
of an acute infection rather than upon that of a primary idiosyn- 
crasy. A similar increase of susceptibility in tubercular children is 
claimed by Bamberger and Stranger* and Dekgwitz,** but this is 
denied by Gyorgy,* Gehrt-Elberfeld" and others. 

That phase of our ex]3eriments which consisted of the adminis- 
tration of nonirradiated maize-oil Avas an attempt to determine, if 
possible, Avhether the ill effects Avere produced by the irradiated 
ergosterol or by the oil medium. While inconclusive because of 
the small number, the results tend to indicate that the disturbances 
Avere due to the drug itself and not to the oil medium. This is in 
kccjnng Avith the findings of others. Gyorgy* noted unfavorable 
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symptoms cafter the use of both dry and oil preparations and Eory^‘‘ 
observed a rash following the administration of tablets. A diseussion 
of the identity of the underlying causative factors responsible for 
the so-called toxic effects in general is outside the province of this 
communication. The consensus of opinion at the present is that 
irradiated ergosterol probably contains two separate and individual 
components— one antirachitic and the other toxic. Windaus^^ and 
Reerink and van Wijk^^ have recently reported the separation of 
these two factors by chemical means. 

Summary. Irradiated ergosterol in the form of viosterol (100 D 
and 250 D) was administered in doses of 1 to 9 drops a day to 
200 infants who were observed over a period of 6 months to 1 year. 
Untoward symptoms were noted in 15 in the following order of 
frequency: diarrhea, vomiting, loss of appetite, colic and stationary 
or loss of weight. No case is included in this group unless a definite 
sequence was obtained, consisting of administration of the drug, 
appearance of ill effects, subsidence of the latter on suspension of 
the drug and finally reappearance on the resumption of viosterol. 
We feel that the chronological sequence of these events show a 
definite idiosyncrasy to the drug. One infant lost the intolerance 
in 1 year. 

Conclusions. A definite pharmacologic idiosyncrasy to minute 
amounts of irradiated ergosterol (viosterol 250 D) exists in some 
infants. According to the incidence found in our series this is of 
more frequent occurrence than the literature indicates. The drug 
should be suspended upon the appearance of any ill effects and 
permanently discontinued in the' event of reappearance of symp- 
toms upon its resumption. The idiosyncrasy to viosterol may not 
be permanent. We wish to emphasize that the possibility of an 
individual idiosyncrasy should in no way detract from the general 
use of irradiated ergosterol in either the prophylactic or therapeutic 
treatment of rickets. 
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SERUM TREATMENT OF 19 CASES OF ANTHRAX INCLUDING 
ONE OF EXTERNAL, INTERNAL AND BACTEREMIC TYPE. 

By Pascal F. Lucchesi, M.D,, 

CHIEF RESIDENT PHYSICIAN, PHILADELPHIA HOSPITAL FOR CONTAGIOUS DISEASES, 

PHILADELPHIA, PA. 

■ Anthrax, also known as malignant pustule, woolsorter’s disease, 
cliarbon, milzbrand and splenic fever, is of extreme interest to 
physicians and employers in certain industries. It maj^ be said 
tliat no industrial disease can have such an insidious onset and' 
produce such devastating results as anthrax. Indeed, it may be 
so rapid in onset tliat a person leaving home in the morning in good 
health to pursue his or her usual occupation may be in a hospital 
by the afternoon and in the grim clutclies of death by the next 
morning. 

It is quite common among the workers of the great leather and 
wool industries. Philadelphia, and for that matter the entire State 
of Pennsylvania, is widely known for its tanneries, probably the 
largest in this country. Persons falling victims to this disease are, 
as soon as diagnosed or even suspeeted, sent to the Philadelphia 
Hospital for Contagious Diseases for treatment and final diagnosis. 
When it is remembered that the mortality rate is quoted as 10 per 
cent in external antlirax, 90 per cent in tlie internal type, and 
100 per cent in cases which show a blood stream infection, the 
importance of early diagnosis and treatment cannot be made too 
emphatic. In Pennsylvania, out of 12.3 cases, whidi occurred in a 
period of 12 years, 20 per cent died.^ In our series of 19 cases 
admitted to this hospital from November, 1928, when I assumed 
charge of tlieir management, to the present date, we have had the 
good fortune not to have suffered any deaths. 

A total of 25 cases was admitted to tins hospital with the provi- 
sional diagnosis of anthrax, but only 19 cases were bacteriologicall}'^ 
positive. Three might have been called antlirax clinically but were 
not verified by tire bacteriologic reports. Tavo cases Avere very 
definite cases of furunculosis. 

Anthrax may be defined as an acute infectious disease prcA^alent 
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among animals, especially sheep, cattle, etc., and contracted by 
man tliroiigli tlie handling of infected materials, either directly or 
indirectly. 

Historically it has been traced back to the time when Moses 
threatened Pharaoh with an epidemic. It is mentioned by such 
literati as Homer, Virgil, Hippocrates, Galen and Pliny. It took 
the lives of many animals as well as men. In 1613, 60,000 persons 
died from this disease in southern Europe. By the end of the 
sixteenth century it was suspected tliat this disease was transmitted 
to man. However, not until 1769 was it first described in literature 
by Fournier of France. 

The causative organism, the Bacillus anthracis, was discovered 
by Koch in 1876, and tlie vaccine for its treatment in animals was 
made in 1880 by Pasteur. It is tlie largest of tlie pathogenic bac- 
teria, measuring 5 to 10 microns in length and 1 to 1.25 microns 
tliick. It is a spore-forming organism and is one of the most resistant 
to disinfectants. Spores have been found to survive by Aiello and 
Drago- for 17 years, and for 18| years by Busson. It is the first 
disease of animals and man which was shown to be caused by a 
microorganism and likewise the first disease against whieh a bacterial 
vaccine was found to be effective. 

Geographically it is said to be pandemic in distribution. It is 
more common among the cattle of Siberia, China and other foreign 
countries. In Siberia it is also known as “Siberian boil plague,” 
while it was described by the Arabian physicians as “Persian fever.” 
On this continent it exists both in North and South America. In 
man it is most prevalent in the great industrial states of Pennsyl- 
vania, New York and Massachusetts, and is endemic in New Jersej’’ 
and Delaware. It is of interest to note that the first human case 
on record in tlie United States occurred here in Philadelphia in 1834. 

It is usually contracted by handling contaminated hides, hairs and 
wool. Contact witli sucli material may be established by the 
handling of live cattle during the process of skinning such infected 
animals, or as is most common, in tlie leather and wool industries. 
Domestic hides play a negligible part in the spread of tliis disease. 
IMost infections can be traced to foreign hides. 

Manj"- cases of infection through tlie use of shaving brushes^ have 
been reported botli here and abroad. Cases of soil infection through 
foot wounds have been reported in Kansas. Infection from person 
to person is very rare. Dr. S. S. Woody, who has probablj' seen 
more cases of anthrax than any single individual in the United States, 
has never seen a case among the doctors, nurses or attendants in 
this hospital in a wide experience of 23 j'^ears. He has, however, 
seen a case in a housewife, whose husband was a leatlier worker, 
but who had not contracted the disease. Hodgson,^ of Englanrl, 
reports a case in a baby, aged 15 months, who contracted the disease 
from tlie father, who likewise was suffering from anthrax. hlcKct- 
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terick and Pearson® in this country report a case in a diild, aged 
2| years, but there is no mention as to the possible source of infec- 
tion. In view of these facts it seems to me that anthrax is not a 
highly infectious disease. It surely is not as infectious as epidemic 
meningitis or infantile paralysis, which diseases are handled in 
general hospitals. It should be possible, therefore, to treat cases 
of anthrax in any general hospital, thereby bringing about a more 
equal distribution of hospital expenditure. 

Age Incidence in Oun Series. 

Average age 45.1 years 

Youngest ago 21 years 

Oldest age 68 years 

As to the prevalence among the leather and wool industry, our 
cases showed about an equal distribution. 

Occupation. 


Leather industry 6 

Wool industry 8 

Hair and brush 1 

Miscellaneous: 

Longshoreman 1 

Painter in tannery 1 

Carpet weaver 1 

Auto-driver, handled rawhides 1 

Total 19 


Types of Anthrax. The types of anthrax are given as the external 
and tlie internal (lungs or intestines). The pulmonary form is 
brought about by the inlialation of dust impregnated witli anthrax 
bacilli, and is usually seen among the woolsorters, hence the term 
“woolsorter’s disease.” The intestinal form is produced by the 
ingestion, usually, of the spores, whicli are greatly resistant. It is 
reasonable to assume that the bacteria make their entrance by the 
contaminated hands to the mouth. The external type, fortunately, 
is the most common. This is also divided into the solitary lesion 
spoken of as the “malignant pustule” and the more diffuse or 
“malignant edema form.” The latter form is usually an indication 
of poor resistance. 

In our series of cases all were of the external type. One case, in 
addition to the malignant edema form, also had the pulmonary 
type with bacteremia. The most common sites for the malignant 
pustule is on the exposed parts of the body. They are, in order of 
Frequency, face, neck, forearm, arm. 

Location of Lesion. 

Face 7 

Neck 5 

Forearms ^ 

Wrist ... ^ 

Arms ’ ' o 


Total 


19 
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A. Battista reports a case in which the lesion was on the penis. 

Syjiptojutology. The symptoms, of course, depend on the 
tj'pe present. The incubation period is given as 1 to 3 days. This 
may be much shorter in tlie internal type or much longer in the 
external. The first sign of the malignant pustule is a small papule, 
resembling a mosquito bite. It is accompanied by itehing and 
burning. In 24 hours a small flat vesicle develops with some redness 
and swelling around it. The vesicle then ruptures exuding a thin, 
yellowish serum. By the fourth day, a black scab or eschar occupies 
the place of the vesicle; the edema is more marked and present for 
a considerable area around the lesion. The eschar is very thick and 
firmlj'^ adherent to the lesion: surrounding this may be seen Tni mit.fi 
vesicles. If the scab be raised some pus may be seen. Most of 
our cases were seen in tliis stage. Only 2 cases were admitted in the 
early stage, on tlie second day of the disease, 3 on the third day, 
7 on the fourth, 3 on the fifth, 3 on the sixth, and 1 on the tenth day. 
This gives an average of 4.4 days on admission, and corresponds to 
the usual anthrax lesion as is commonly seen on admission to this 
hospital. The lesion varies in size from a 10-cent to a 25-cent piece 
and is usually solitarJ^ However, cases have been reported where 
more tlian one lesion existed in the same patient. As a rule it is 
free from pain, and in this way may be of help in differentiating it 
from furuncle and carbuncle. The scab remains for about 15 days. 
In our series the average number of hospital days was 17.7, tlie 
shortest being 12 days and the longest 42 days. 

Hospitai, Days. 


Average day of disease on admission 4.4 days 

Average hospital days 17.7 days 

Shortest number of days 12 days 

Longest number of days 42 days 


Tlie malignant edema form is usually seen on the neck and chest, 
and tlie mucosa of the mouth, tongue and eyelid. There is a con- 
siderable amount of infiltration and edema of the skin. It is very 
red and at times definitely purple in color. Scattered over tliis 
extensive purplish induration may be found vesicles wliich vary in 
size from a pea to a walnut. 

The sjTuptoms of the internal type are referable to the pulmonary 
and intestinal tracts. In tlie pulmonary form there is pain in tlie 
^lest, cough, expectoration of bloody sputum and cyanosis. In 
tlie intestinal form there is abdominal pain, nausea, vomiting and 
diarrhea. The constitutional symptoms are more severe in tlie 
internal tjqies, and in cases witli a positive blood stream infection. 
In tlie external tjqie witliout blood stream infection tlie temperature 
seldom reaches 103° F. Only 3 of our cases had a temperature of 
103° F. on admission, 1 of which also had a positive blood stream 
infection. Seven of our cases had a normal temperature, the others 
ranged between 99.2° and 102.4° F. 
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Tueatment. The treatment of antlivax lias had many variations 
since its inception. Originally tlie attention of physicians was 
attracted by the local lesion and tlierefore all treatment instituted 
tended to destroy tlie lesion. Fortunately, antlirax remains a local 
disease for a long time after its onset, thereby offering good possi- 
bilities under proper treatment. Every known corrosive and anti- 
septic of strengtli has been applied in order that the lesion might 
be destroyed; this not proving satisfactory, removal of the lesion 
by the aid of the knife or cautery was practised. In most cases more 
harm was done by tliis method, since Nature’s barrier of .protection 
was destroyed, and the infection was disseminated into the sur- 
rounding tissues. ' 

Witli the introduction of the antianthrax serum by Marclioux in 
France in 1895, and Sclavo in Italy in 1903, a new field of treatment 
was opened. Sclavo himself reported the reduction of the mortality 
from 24 per cent to 6 per cent in his country. This serum was later 
modified by Sobernheim, Detre, Ascoli,’ and in this country was 
perfected by Eiclihorn, All of our cases were treated with tlie 
antiantlirax serum. In 1 case in which excision was done and 
serum given, the results were so discouraging tliat it has not been 
attempted since. The patient, a white male, aged 44 years, a fine 
specimen of manhood, had an anthrax lesion on the neck. In 24 
hours after the excision tlie edema was greater, in 48 hours it 
descended to the clavicles and spread to the opposite side of the neck, 
and for a time we feared that respirations might be embarrassed. 
As a result much larger doses of serum were necessary and much 
worry was experienced by the staff. However, the patient got 
well. Seven of our cases, in addition to tlie serum, were given 
intramuscular injections of mercury succinimide, beginning with 1|- 
grains and decreasing the dose every other day, alternating with the 
serum. However, this was discontinued, for we did not feel that a 
great deal of benefit was derived from this adjunct. We, therefore, 
used the serum solely, as best fulfilling tlie ideals set forth by Dr. 
Regan:* (1) Treatment must be applicable to the various forms 
and locations of tlie disease; (2) have the lowest mortality rate; 
(3) be specific as possible; (4) possess no danger of generalizing the 
local infection; (5) offer the least amount of scarring and deformity; 
(6) cause a minimum of pain; (7) entail tlie shortest absence from 
employment. 

Our dosage has been larger than is recommended in most text- 
books. We have practised the giving of one large dose repeated in 
24 hours if necessary, rather than tlie giving of smaller S-hour doses. 
The giving of one dose every 24 hours is more satisfactory for all 
concerned. It will lessen the painful procedure of venous puncture 
to tlie patient, give less risk of accidents, and save time for tlie 
medical and nursing staff’s. The routine procedure is as follows: 
After a tlioroiigh physical epmination the lesion is cleansed witli 
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normal -saline and a cultiu'e and smear are made from it. It is 
necessary in cases where tlie scab is very adherent to elevate it to 
take material for examinations. A small vesicle may be ruptured 
and its secretion used for study. The flexor surface of the elbow 
is then cleansed and properly prepared for the taking of a blood 
culture. It is better to use the opposite arm when tlie lesion is on 
the arm or forearm. The Wassermann needle is inserted and blood 
removed. The needle is left in situ and the warm antianthrax 
serum is allowed to run in slowly. The dose given is usually 150 cc. 
intravenously. In no case have we given less than 100 cc. nor more 
than 250 cc. as the initial dose. Serum is then injected locally. 
This depends on the location of the lesion. It would be impossible 
to inject serum locally where the lesion is on the eyelid or lip; but 
if on the neck, arm or forearm it can be given easily. The amount 
of serum locally injected in our cases ranged from 30 to 50 cc. 
Four points are selected in the different quadrants of a circle, 
making sure tliat the injection is fairly wide of the lesion, so that 
no infection is pushed into the surrounding tissue. For the next 
24 hours tliere will be noticed an increase of the edema surrounding 
the lesion; but in 48 hours this will begin to decrease, so that by 
tire end of 7 days the edema and blisters will have cleared up and 
the black eschar only remains. 

AitotJKT OP Serum Given. 

Average amount 498.4 cc. 

Smallest amount 200 cc. 

Largest amount . 1050 cc. 

Average number ol injections 3 

Smallest number of injections 1 

Largest number of injections 6 

The question of serum disease is practically negligible. Only 
1 of our patients developed a serum rash; and 4 patients developed 
chills immediately after or from 1 to 2 hours following the intra- 
venous use of the serum. These were easily handled by the giving 
of warm drinks, hot-water bags to the body, and adrenalin hypo- 
dermically. 

May I now give more in detail tlie report of 1 case presenting 
this extraordinary combination: external and internal (pulmonary) 
anthrax with bacteremia and recovery? 

Case Report. Case 1.— S. E., aged 63 years, male, white, a woolworker, 
was admitted to our Hospital December 7, 1929, extremely ill in the fourth 
day of his disease. His temperature was 103.8° F., pulse 110, respirations 32. 
He first noticed the appearance of a small pimple on the right wrist 3 days 
previous to admission. The lesion became larger and he noticed a beginning 
discoloration. He was treated in the dispensary of a general _ hospital. • 
The lesion extended up the arm, a black scab formed. He had a slight fever 
for 2 to 3 daj's. 

His family history was negative. He had had tetanus in 1923. 

Physical Examination. A well developed but poorly nourished white 
adult, gray hair and beard. His face had an anxious and dusk}' appearance. 
His cheek bones were prominent and the temporal regions quite hollow. 
The temporal vessels were ver>' tortuous. 
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Head and Neck. Scalp negative, ears negative, nose negative, toRsils 
small but diseased. Eyes, nioderate arcus senilis, teeth, poor condition. 


Neck, negative. 


mEnv iTiissinc. • i. 

His chest gave the signs of a moderate emphysema with some impairment 
to nercussion at the bases and a few moist rMes at both bases, lie expec- 
torated a grayish-white sputum but not blood-tinged. The right axillary 

nodes were enlarged. n u n 

Heart. No visible cardiac impulse. The apex beat could be heard m 
the fifth interspace in the mid-clavicular line. There was no apparent 
enlargement, heart sounds of poor quality, rhythm irregular, at times 
suggestive of fibrillation, a pulse deficit was present. 

Abdomen. Negative. , . . , 

Extremities. Right upper extremity presented on the antenor surface 
of the wrist a lesion about the size of a 25-cent piece surrounded by an 
area of redness 3 inches in diameter, upon wliich could be seen many vesicles 
about the size of a pea, filled with a clear yellow sanguineus liquid. On top 
of the lesion, centrally located, could be seen a hard, adherent, tliick, black 
scab or eschar. Leading toward the elbow could be seen a brawny edema 
extending upward* one-half distance of elbow to the shoulder. The color 
at places was almost purple. The radial artery was very much sclerosed. 
The pulse irregular, poor volume and feeble. The lower extremities presented 
marked varicosities. 

Procedure. The patient was put to bed, culture and smear of lesion and 
blood culture were taken. One hundred and fifty cubic centimeters of 
serum were given intravenously and 50 cc. around the lesion. Shortly after 
the giving of serum the patient had a mild reaction: dull, temperature 
105.2° F. He was given 10 min. of adrenalin, hot-water bags to body, 
morphin sulphate, i gr. Patient was relieved. The following morning, 
December 8, 1929, he was very much improved. The temperature was 
100° F.; pulse, 70; and respiration, 32. 

One hundred and fifty cubic centimeters of serum were given intra- 
venously. To offset the possibility of an immediate serum reaction this was 
preceded by whisky, 1 ounce, and adrenalin 10 min. Patient had no 
reaction. On account of the irregularity of the heart, digalen, 15 min. 
every 4 hours for 2 days was given. It must be remembered that although 
the pulse rate was 70 per minute, the heart rate was 110 per minute, the 
temperature was 103° F. On the morning of December 9, 1929, 130 cc. 
of serum were given intravenously and again preceded by whisky and 
adrenalin. One hundred and fifty cubic centimeters were to have been given 
but 20 cc. were lost during the operation. The temperature showed a very 
definite decline so that by the morning of December 10, 1929, it was 99.6° F. 
The patient felt better. Edema of the arm remained the same. At 9 p,m. 
he complained of pain in the right hand and discomfort in the chest. He 
expectorated a mucopurulent sputum winch was blood-tinged. The tem- 
perature remained the' same. The sputum was found positive for antlrrax 
- bacillus. The next morning the temperature was 103° F., pulse 50 per 
minute. He complained of pain in the chest. A pleural friction rib was 
found at the level of the sixth rib in the right posterior axillary line, many 
crepitant rkles could be heard throughout the right base. IHs color was 
cyanotic and we were much alarmed. One hundred' and fifty cubic centi- 
meters of serum were given intravenously preceded by whislry and adrenalin. 
Tinctuie of digitalis, 20 min. t. i. d.; quinin sulphate, 5 gr. daily; morphin 
suipnate, ^ gr. to control pain and as a sedative. The next morning the 
temperatme was 99° F. The patient was given 150 cc. more of serum. 
Edema of the hand was verj’- definitely less and lesion was drying. The 
^ discontinued. The patient was much improved, more 
comfortable, lus chest condition clearer, and had a normal temperature 

ivhen he again had a rise of temperature (99° F ) 
and a blood-tinged sputum. One hundred and fifty cubic centimUers of 
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serum were again given. From this day on the patient made a rapid 
recovery. The temperature was normal and the pulse ranged Isetween 
70 and 80 per minute. On December 23, 1929, digitalis was discontinued. 
He was allowed up in a chair and the lesion was rapidly disappearing. He 
was discharged January 18, 1930. 

Laboratory Sbidies. Urine showed a faint cloud of albumin and occasional 
white blood' cells. Culture of lesion, culture of blood .and smear from the 
lesion were positive for anthrax. The sputum was positive from December 
11 to December 15, 1929. Blood culture and smear from lesion were 
negative on December 11, 1929. 

The total amount of antianthrax serum given tlus case was 930 cc. 

Tlie treatment of antlirax would not be complete without a word 
as to the other remedies which are now in vogue. Krouse,® of 
Argentina, reports the trea:tment of 200 cases in which the mortality 
was 0.5 per cent. His treatment consisted in the use of normal 
beef serum. The bacteriophage of D’Herelle has been used with 
good results- by Villega Ruiz.*® Adrianus Pijper** reports the use 
of neoarsphenamin in 40 eases without a single death. He states 
that the antlirax patient can stand large doses of arsenic. His 
initial dose is 0.9 gm. and repeated the next day. Usually three 
doses only are required. 

Conclusion. T. In our experience large 24-hour doses of anti- 
anthrax serum given early, and as often as is necessary, will cure 
most cases. 

2. The lesion itself should not be molested; but the local injection 
of serum is to be practised when possible. 

3. Our experience with other forms of treatment is very scanty, 
but neoarsphenamin has apparently given good results. 

4. In 19 cases, including 1 with pulmonary infection and bacter- 
emia, tliis has been uniformly successful. 

5. We prefer to give a large intraA^enous dose (100 to 250 cc.), 
repeating in 24 hours as necessary, followed by local injections of 
30 to 50 cc. Our cases received an average of 500 cc. (extremes, 
200 to 1050 cc.) in from one to six injections. 
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In presenting additional case reports of patients with pregnancy 
and diabetes, it seems useful to include with them a review of the 
literature since insulin has come into common use. Since the 
question of the effect of pregnancy upon diabetes is still contro- 
versial, we were particularly interested in analyzing case histories 
from that standpoint. In the selection of this material from the 
literature we have chosen only such data that seemed adequate for 
this type of study. 

The position of the physician relative to pregnancy in the diabetic 
patient, either when present or premeditated, is a difficult one. 
Diabetes may endanger both the life of the mother and the child, 
even in spite of careful medical management. The diet, insulin 
dosage, body weight of the mother and the presence of hypergly- 
cemia or hypoglycemia during pregnancy demands especial atten- 
tion and constant watching. The woman often asks, “Will my 
child be a diabetic or will it be liable to develop diabetes?” There ^ 
seems to be no evidence as yet that the children of diabetic mothers 
are more liable to diabetes, although a few isolated instances have 
appeared in the literature. 


Case Reports. Case 1.— Mrs. E. H., a multipara, aged 39 j-^ears, was ad- 
mitted to thehospital on November 25, 1929, because of pregnancy (3 months) 
and sugar in the urine which had been discovered during a pregnancy which 
had occurred in 1928. Diabetes mellitus had been considered to be the cause 
of the glycosuria and was readily controlled by dietary restriction. She 
passed through a normal pregnancy and puerperium. She remained on a 
"somewhat restricted diet” and was in good health until April, 1929 when 
she noticed fatigue and loss of weight. Her last menstrual period was in 
August, 1929.^ Upon admission she stated that her diet had been rather 
low over a period of months, her urine was free of sugar and a fasting blood 
1 iu the hospital she was given a diet of 

120 gm. carbohydrate, 60 gm. protein and 130 gm. fat, which promptly 
brought on glycosuna-40 gm. in the first 24 hours. The diet was then 
reduced to 100 gm carbohydrate and IS units of insulin were given daily 
She was discharged from the hospital ndth a diet of 120 gm. carbohydrate’ 
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75 gm. protein and 135 gm. fat noth 26 units of insulin da%. Her urine 
was' sugar free, except for an occasional trace, and her blood sugar during 
digestion was 179 mg. Two weeks after discharge to the care of her home 
physician the pregnancy was terminated. Soon after this mild insnlm 
reactions occurred and the insulin dosage was gradually reduced to 8 or 
10' units daily. She had remained well and the diabetes has been kept in 
control since. 

Comment. One cannot be certain about the effect of pregnancy 
on tolerance, but there does appear to be a lessened insulin require- 
ment after the termination of pregnancy. 

Case 2. — Mrs. D. B., aged 21 years, was admitted to the hospital, 
February 9, 1927, because of thirst, craving appetite and loss of weight, 
which had been present only a month. Her blood sugar was 620 mg. per 
100 cc. and the urine showed moderated ketosis. She remained under 
hospital superrnsion for 10 days. The glycosuria and hyperglycemia 
responded rapidly to treatment with a diet of 50 gm. carbohydrate, 60 gm. 
protein and 130 gm. fat noth 20 units of insulin daily. She was discharged 
with a diet of 75 gm. carbol^drate, 60 gm. protein and 150 gm. fat and 
20 units of iiisulin dail3^ .During the next six months she was seen several 
times; her diet was graduall}'^ increased to 105 gm. carbohjdrate and the 
insulin was reduced to 16 units. 65'^ Julj’’ her weight had increased from 
100 to 111 pounds. She was not seen again until March, 1930, when she 
announced that she was 3 months pregnant and that in order to keep her 
urine sugar free, since the inception of pregnancj', it had been necessary to 
increase the insulin 27 units daily. Her fasting blood sugar was 98 mg. 
and the urine gave a negative Benedict test. She has not been seen by us 
since that time. In November, 1930, she 'aTote the following letter: “My 
baby was born Septemljer 6. It weighed 8 pounds and 3 ounces. I came 
through my pregnancy in fine shape, but had to double my insulin to keep 
my urine sugar free. After the baby’s birth I decreased my insulin to 
20 units daily and was able to eat more on that amount of insulin than 
pre^^ouslJ^ However, since I have stopped nursing the baby I find that I 
cannot take as much food without having sugar in the urine. I weigh the 
same as I did before p^egnancJ^ I am watching the urine very closely.” 

Comment. Although tliis patient was not under hospital super- 
vision during the pregnancy and puerperium, it would seem that 
her observations were fairly accurate and the happy outcome 
indicates that she watched her own management very strictly. 
Pregnancy in this case probably reduced the patient’s tolerance 
while the lactating period increased it. 

Case 3. — Mrs. B. F., aged 23 3’^ears, was admitted to the hospital, April 
30, 1928. She stated that she had no complaint at this time, but that on 
February 20, 1928, she had given birth to a full-term, dead l3ab3q that 
when she was 6 to 7 months pregnant she developed ex-treme thirst, passed 
a great deal of urine and had to get up frequently at m’ght to void. Her 
plu’sician had said that her blood sugar was high and that her diabetes 
should be studied in the hospital. Upon admission sugar was found in the 
urine and the fasting blood sugar was 225 mg. On a test diet of 1700 calor- 
ies she excreted about 30 gm. glucose. She remained under observation for 
8 da3's, when she was discharged udtii a diet of 80 gni. carbolo’^drate, GO gm. 
jirotein and 130 gm. fat and 23- units of insulin dail3^ Her diabetes was 
well controlled. She then visited the outpatient department frequenth’ 
and proved to be ver}’ coojicrative. Her diet was increased to 95 gm. 
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carbohydrate and the insulin reduced to 16 units. During 1928 she bad 
amenorrhea from June to November without 

Anril, 1929, her menstruation again ceased, and two months later preg 
nancy was diagnosed. She visited the outpatient department le^ilai y, 
and remained in excellent condition. Her urine was always Hee of sugar, 
and the digestive blood sugar was usually under 150 mg. The diet and 
insulin dosage remained constant, and it was not until the sixth mont i 
that she began to gain weight— 105 to 116 pounds at full term. She was 
delivered at home by her family physician, February 7 . Her baby weighed 
5J pounds and thrived. She visited us in March, when we found her urine 
to be free of sugar, blood sugar 163 mg. during digestion and weight 103 
pounds. She then stated that it had been necessary to reduce the insgm 
from 16 to 10 units daily since delivery because of mild reactions. Her 
program has not been changed for a j^ear and she has remained well. 

Comment In this case pregnancy did not exert any striking 
change in the insulin requirement; however, since delivery she is 
able to get along Avith 6 units of insulin less. It is to be noted that 
there was very little change in her body weight and that her baby 
Avas small. 

• Case 4.— Mrs. M. B., aged ^5 j^ears, was first seen in January, 1927, 
because of thirst and loss of weight, which had been present 1 month. 
Diabetes mellitus was diagnosed because of fasting hyperglycemia and 
glycosuria. She was started with a low diet— 50 gm. carbohydrate, 60 gm. 
protein and 130 gm. fat— and because sugar was excreted in significant 
traces, it was increased very gradually in spite of the normal fasting blood 
sugar. By April she was talSng 90 of carbohydrate and 170 gm. of 
fat. Her fasting blood sugar remained normal but slight ghTosuria 
persisted. Her weight, which had been 137 pounds, dropped to 127 pounds 
in the course of 4 months’ treatment. In June, because of hyperglycemia, 
glycosuria and further loss of weight and strength, insulin was started — 
5 units before breakfast. During the next year the insulin dosage was 
gradually increased until she was taldng 60 units daily in order to control 
glycosuria. During this period she regained her weight, whereupon the 
diet was reduced to 130 gm. fat and the insulin dosage gradually lessened 
to 36 to 40 units daily, which seemed to be minimum amount wbich would 
keep her urine sugar free. Her blood sugar taken at about 11 a.m. was 
usually about 100 mg., and she at times experienced mild insulin reactions. 
In April, 1929, her menstruation ceased, and morning siclcness appeared in 
May. Beginning with the fifth month of pregnancy, it became necessary 
to increase the insulin because of heavy, persistent glycosuria, and by 
October she was taldng 122 units daily. _ In December, just before delivery, 
138 units were being taken. She remained in excellent clinical condition; 
her weight increased from 140 to 163 pounds during the pregnancy. She 
was delmered without difficulty at 4 a.m. on December 22, -with chloroform 
anesthesia; at 6 A.i\r. she complained of being very hungry and was given 
100 cc. of orange juice. Two hours later her blood sugar was 87 mg. 
the diet remained the same, but the insulin dosage was sharply reduced 
from 138 to 84 units daily. In spite of this she had very severe insulin 
reactions during the next three days, even though the insulin had been 
further reduced to 60 unitg. The diet was then increased to 110 gm car- 
bolp^drate and the insulin reduced to 50 units daily. After her return 

lome slic found It necessary to further reduce the dose to 38 units daily 
in Older to eliminate reactions. In March, 1931, her fasting blood sugar 
nas log-; during digestion, 161 mg.; weight, 144 pounds Her present 
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Comment This patient has true diabetes mellitus, apparently 
with a lower renal threshold than is usually seen. She exhibited 
a rematkable tolerance for insulin during pregnancy; possibly she 
would have done just as well if 'mild, persistent glycosuria had been 
permitted. Immediately after delivery her insulin requirement 
dropped at least 60 per cent and she had severe insulin reactions 
which she had not experienced during pregnancy. 

Case 5. — Airs. E. F., aged 26 years, was first admitted in November, 
1927. She had had symptoms referable to diabetes for about a year 
and had lost 75 pounds in weiglit. She was in diabetic coma, but 
responded verj" rapidly to treatment. She stated that she had menstruated 
but twice in her life — a little more than a year ago — and that these periods 
were very scant. She presented a rather extreme degree of male hair 
distribution and had an extensive furuncular infection in the anogenital 
region. Her weight was 163 pounds. Upon discharge, two w^eelm later, 
her urine wms sugar free, blood sugar during digestion 146 mg. and she was 
instructed to take 50 units of insulin daily. She w'as not seen again until 
February, 1929, wdien she w'as readmitted in a state of impending coma, 
with infection of the skin in the anogenital region. Insulin had been taken 
rather irregularlj’^ since discharge a year ago and none had been taken during 
the past month. She w'as discharged in good condition 2 weeks later with 
about the same insulin-diet program as previously. Nothing was heard 
from her until October 2, 1929, when she w'as admitted on the obstetrical 
service, 5- months pregnant. The management of her diabetes had been 
irregular, but the insulin in varying dosages had been continued and she 
apparently had been having severe reactions, which she had never had 
before. The diet, 100 gm. carbohydrate with 1700 calories, was continued, 
and she was discharged 4 days later, taking 40 units of insulin daily. Three 
da3’'s later she was again admitted, unconscious. The diagnosis seemed 
uncertain, but as she regained consciousness after the use of glucose procto- 
clysis, it may reasonabl}’’ be assumed that she was in a state of insulin coma. 
The dosage w'as then reduced to 25 units. This patient was not seen 
again until January 28, 1930, when she entered the hospital in impending 
coma. We afterw^ard learned that food and insulin had been stopped 
2 daj^s prior to admission because sevmral teeth had been removed. Prior 
to this she had continued to have insulin reactions and was often uncon- 
scious. She had been vomiting and had had epigastric pain for 24 hours. 
The first examination showed moderate hyperpnea, evidences of dehj'-dra- 
tion and a subconscious state. Her blood sugar was 35S mg. and the COj 
capacity of the plasma w'as 11 v'ol. per cent. The leukocj'tes w'ere 26,000, 
wdth 89 per cent polymorphonuclears. Her pregnane}' W'as at full term or 
nearly so. The fetal heart sounds were faintly audible. Immediately upon 
admission she received 30 units of insulin and 500 cc. of 5 per cent glucose 
subcutaneously. After this. a Cesarean section was done under light ether 
anesthesia in an attempt to save the child. There was considerable amni- 
otic fluid. The baby was cyanotic and w'as resuscitated with difficidty, and 
lived only a few hours. The mother w’as treated as a case of diabetic coma 
and had a rather stormy period of several days. On the sixth day she 
was able to take a regular diabetic diet of 90 gm. carbohydrate, 70 gin. 
protein and 100 gm. fat, but it required 70 units^of insulin daily to keep the 
urine in most of the specimens free of sugar. Shp was d ’ ’ 
condition 2 weeks after admission, taking 60 units of ■ ■■ “ ■ ' 

that we woukl not sec the patient again until she encountered further 
dillicultie.s, we advised her to reduce gradually the insulin dosage as long 
as her urine remained fairly free of sugar. Wc have not heard from the 
patient since. 
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Comment. Wc had opportunity to observe this patient belore, 
during and for a short time after pregnancy. It wpiihl appear 
that her insulin requirement was considerably less during the latei 
months of pregnancy, and even though the insulin dose was shaiqily 
reduced she continued to manifest sensitivity to it. 1 he complete 
withdrawal of insulin at the eighth month for 2 days caused diabetic 


coma. . . , . 

The data obtained from the literature review were so voluminous 

that it seemed practical to present here only a condensed foim. 
The following data include our own cases: 


TABWi: 1 .— Data on Diauktes and PnEONANOY. 

Total number of pregnancies 

Total number of patients "I* 

Patients requiring insulin continuously „ 

Maternal mortality . . . . . . . _ • 0 W%) 

Causes of maternal death, each 1 case; dialjctic coma at term; diabetic 
coma wtli toxemia of pregnancy; death occurred suddenly 4 days ^ 
postpartum, unexplained; insulin shock, 5 days postpartum; eclampsia; 


sepsis follondng gangrene of the arm. 

Total number of li^dug children 40 (03%) 

Total number of fetal deaths 27 

Stillbirths, at term 13 (50%) 

Spontaneous abortions and ijrcmature births 10 (35%) 

Therapeutic abortions 4 (15%) 

Diabetes developing or discovered during pregnancy 18 

Instances of diabetic coma develofiing during pregnancy . . ... .13* 

Instances of acidosis or coma associated with fetal death 13* 


Case reports which could be analyzed -nith regard to the follonang data . 43 

Patients who required more insulin during pregnancy 28 

Patients who required more strict diets during pregnancy 2 

Patients requiring more insulin during pregnancy and loss during the 

puerperium 20 

Patients requiring the same amount of insulin during the pregnancy but 

less in the puerperium 1 

Patients requiring more insulin during both pregnancy and puerperium 5 

Patients requiring less insulin during pregnancy '10 

Patients, not insulin treated, but showing a higher tolerance late in preg- 
nancy 3 

Patients requiring less insulin during the pregnancy but more during the 

puerperium q 

Patients requiring less insulin both during the pregnancy, and puerperium 1 


Weight of babies at full term (in many case reports this is not given) ; 

Below 7 pounds 

Between 7 and 10 pounds 

Over 10 pounds (2 were 13 pounds) 


1- ™ mother had extreme acidosis and the child 

Uvea. 1 he disparity between the 2 figures is because 1 case reported only as “acidosis” 
IS not included as a coma case; the child was lost in that instance. 


Discussion. In making this statistical study of the available 
literature we have selected only those reports which included fairly 
complete data. In the majority of instances the publications have 

interest was in internal medicine 
obstetrics, llierefore, we may reasonably assume that 
patients m this series have, for the most part, had the benefit of 
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ex]3crienced management and represent a cross section of patients 
with pregnancy and diabetes as they occur in our well-equipped 
hospitals and clinics. 

Maternal Mortality. Unfortunately we have not found any large 
series of case reports concerning the maternal mortality before the 
insulin period. Hirschfeldd however, estimated this at 50 per cent, 
and Williams" in his 66 patients reported that 27 per cent died 
during delivery or soon after. Also, diabetic patients frequently 
became sterile, so the relative incidence of pregnancy in diabetics 
was then not as great. The mortality of the mothers in this col- 
lection of cases during the insulin era is 9 per cent, which from the 
standpoint of the obstetrician is still high. However, as one scans 
the causes of death it will be seen that a number of them were 
accidents and could probably have been prevented if the proper 
relationship between the patient and her physicians had existed. 

hijant Mortality. We were also not able to find any extensive 
statistics of the effect of diabetes on the fetus. Joslin’s® series con- 
tains 89 cases from 1898 to 1928.'' We assume that the majority 
of these occurred before insulin was used. Of these there were 
42 living children, 14 stillbirths, 13 miscarriages and 6 therapeutic 
abortions. Both Williams and DeLee,'^ in the older editions of 
their books, state that the fetal mortality was about 66 per cent. 
In the present insulin group the fetus had a better chance for 
survival, as 63 per cent of the pregnancies resulted in living diildren. 
This, however, from the vieu’point of tlie obstetrician is high. The 
stillbirths at term are responsible for 50 per cent of fetal deaths. 
It seems very probable to us that acidosis is in a large measure 
responsible for fetal deaths, as but 1 patient in the entire group who 
had coma gave birth to a living child and she was delivered rather 
promptly after admission by Cesarean section. Mild acidosis may 
be sufficient to- kill the fetus when coma -is not produced in the 
mother. One of our patients had 2 miscarriages several days after 
attacks of pre-coma. 

Weight of the Fehis. The average weight of 37 full-term fetuses, 
those Avhose weights were obtainable, was 7.93 pounds, whereas the 
average weight of the normal baby at birth is 7 .25 pounds. ^ This 
is in accord with previous statements, that the weight of babies of 
diabetic mothers had a tendency to be greater than the average 
normal. 

The Effect of Pregnancy on Diabetes. The average diabetic woman 
during pregnancy is probably under closer supervision by her 
physicians and by herself than she is at other times, and possibly 
under such circumstances it might be expected that her diabetes 
would show^ improvement. However, it has been our experience 
that there usually is a decreased tolerance during that period; 
otliers have felt that tolerance is considerably improved. One of 
our patients (Case 5) did show quite striking sensitivity to insulin 
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in the latter part of pregnancy. From the literature Ave Avere able to 
select 43 case reports AAdiich could be analyzed AAuth regard to the 
effect of the pregnancy on diabetes. Of these /O per cent seemed 
to shoAv the equivalent of a reduction of tolerance, i e., the insulin 
had to be increased or the diet had to be reduced. In the majority 
of these the insulin had to be reduced or the diet increased during the 
puerperium. This change of insulin requirement is most strikingly 
demonstrated in Case 4 of this series Avhere the insulin dosage Avas 
increased from 40 to 138 units daily during pregnancy Avithout the 
occurrence of reactions, then reduced after delivery to 84 units 
and finally back to the original 40 units daily before insulin reactions 
ceased. We have attempted to correlate inereased insulin require- 
ment Avith increased Aveight of both the mother and the baby, but 
could find no satisfactory relationship. It then appears to us that 
clinical observation supports the view that there is an increased 
insulin demand during pregnancy for which there is no adequate 
explanation. Possibly pregnancy produces a metabolic or hormonic 
anti-insulin substance. This vieAV receives further substantiation 
in the folloAAung observations: 

1. Before insulin pregnancy carried Avith it a very high mortality 
rate in the diabetic. 

2. Joslin and White report that 33 of their 89 pregnancy diabetic 
patients developed diabetes during pregnancy. In this series dia- 
betes AA^as discovered or developed in but 18 of the 66 patients during 
pregnancy. 

3. .Coma, Avhich is usually the result of temporary diminution of 
tolerance, developed in 18 per cent of the patients in this series, 
usually near the end of pregnancy. 

, It has been difficult to reconcile these clinical observations Avith 


the experiments of Carlson^ and his coAvorkers whose AAmrk has been 
so generally referred to. In 1923 Simon, Stulz and Aron® repeated 
these experiments and also concluded that the placenta Avas prob- 
ably permeable to insulin and that the insulin from the fetuses 


protected the mother. Aron^ later on, however, by the use of 
insulin injections reached the opinion that insulin Avas not passed 
through the placenta. The experiment of Macleod® is of great 
interest in that it conforms to some clinical observations. He 
alloAved a depancreatized bitch that Avas on a standardized insulin- 
diet program to become pregnant. Hyperglycemia and glycosuria 
continued throughout gestation, but there Avas no remarkable 
increase of glucose excretion. Unfortunately, he does not state 
the sugar excretion for but a fcAv days before impregnation The 
day following the birth of the pups the mother had an insulin 
reaction and her blood sugar Avas found to be 67 mg. Her glucose 
excretion dropped from between 30 and 50 gm. daily to less than 
5 gm. during the time she Avas suckling Iier jmung. The exneri- 
mental observations of Britton® on the maternal and fetal blood 
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sugar changes are also in keeping with our clinical observations. 
In one case a cat gave birth to four kittens duririg severe hypo- 
glycemia with no sjTnptoms of a hj^ioglycemic reaction. The same 
dosage of insulin produced convulsions a few weeks later. He felt 
that his study indicated that the blood sugar of the fetus was 
adjusted to emergency conditions that might be imposed on the 
mother. Sclilossmani® has recently reported experiments of anesthe- 
tized pregnant dogs and cats which were immersed in warm salt solu- 
tion, the uterus opened and the fetuses delivered into the solution, 
leaving the placental circulation intact. Some of the fetuses were 
injected with large amounts of insulin (40 to 80 units) either intra- 
peritoneally or into the umbilical artery. The mother’s blood sugar 
was lowered very slightly as compared with the intravenous injection 
of one-tenth the amount of insulin that was injected into the fetuses. 
The maternal blood sugar was found to rise slightly after the death 
or the detachment of the fetuses. The blood sugar of the fetuses wap 
at a hj^oglycemic level at the end of 4 or 6 hours. He concludes that 
the placenta of the dog and cat are impermeable to insulin and that 
the slight lowering of the mothers’ blood sugar was due to the utiliza- 
tion of the mothers’ glucose by the fetuses. Relative to the point of 
the possible effect of the fetal insulin on the mother’s metabolism, 
or vice versa, we have found instances of hypertrophic islands of 
Langerhans in the fetuses of diabetic women— the case reported by 
Gray and Feemster,ii in one by Dubreuil and Anderodias,^® the 
one by Wiener^- and our Case 5. Of these 2 had an improved 
tolerance during pregnancy, 1 required more insulin and on the 
other the data were not sufficient. 

It would seem then that the whole subject of carbohydrate 
metabolism during pregnancy is exceedingly complex and that there 
are no general rules to guide one, except that each patient must be 
treated individually with tlie reasonable expectation that her insulin 
requirement during pregnancy will increase. Also, it seems wise to 
reduce the insulin during the puerperium, especially if it has been 
markedly increased during the pregnancy. Lactation, with its 
diversion of 20 to 30 gm. of glucose daily in the form of lactose, may 
quite likeb’’ contribute to this phenomenon. 

Summary. 1. Insulin as it is used today has markedly lowered 
the mortality rate of the pregnant diabetic woman and considerably 
enhanced the chances of preserving the life of the babJ^ Both of 
these improvements, however, are far from the obstetrical ideal. 

2. The greatest danger for both the mother and the ciu'id is 
acidosis and coma. 

3. 'Lhere .seems to be a great variability of tolerance and insulin 
requirement during both the pregnancy and the puerperiuin. Ihe 
nature of this is without adequate explanation. The clinical evi- 
dence supjiorts the view tliat pregnancy increases the se\’erity of tiie 
diabetes, at least temporarily, in the majority of instances. 
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RENAL GLYCOSURIA. 

By Alexander Marble, M.D., 

BOSTON, MASS. 

(From the Joslin Diabetic Unit and the New England Deaconess Hospital.) 

A RECENT critical analysis of 9000 consecutive cases of glycosuria 
observed by Dr. Elliott P. Joslin and assoeiates, for the most part 
oyer a long tevm of years, has revealed only 15 eases of “renal 
glycosuria. This low_ incidence merits further consideration and 
explanation as to the diagnostic standards used. 

Although rnore than 35 years ago Klemperer^ and Lepine^ called 
attention to the oceurrence in man of glycosuria without hyper- 
,,bcemia, there is still disagreement as to the clinical features 
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essential for tlie diagnosis of the condition known variously as renal 
diabetes, orthoglycemic glycosuria and renal glycosuria. In a 
complete -review of the literature Hjarne® quotes Hatlehol as 
stating, in 1926, that he had seen “close upon” 100 cases of renal 
glycosuria. Falta^ states that since 1922 he has seen 85 cases of 
renal diabetes. Salomon,® Maclean® and Hjarne® do not regard 
the condition as extremely uncommon. On the other hand, Rabino- 
witch^ and Fitz® believe that it is very rare. The difference in 
reported experience depends probably to some extent on the personal 
interest of the individual clinician. Nevertheless, a review of the 
literature*- shows that the largest part of the difference is un- 
doubtedly due to varjdng diagnostic standards.' Consequently, 
any discussion of the subject must be prefaced by a statement of 
criteria which have been used in selecting the cases reported. 

In the fourth edition of The Treatment of Diabetes Mellities^^ 
Joslin recorded 47 cases of renal glycosuria in the first 6000 cases of 
glycosuria. In the next 3000 cases (to jMarch, 1930) 19 more 
were so classified, making 66 in all. As a result of later observations 
and the recent study, these 66 cases have been regrouped as follows : 

Cases. 

“Typical” renal glycosuria . 15 

"Atypical” renal glj'cosuria 7 

Chronic ("essential”) pentosuria 2 

Renal glycosuria of pregnancy 6 

"Unclassified glj-oosuria” in u-hich constant glycosuria has been 

disproved 19 

Miscellaneous group, discarded for the present because of too 
short period of observation, insufficient data, etc 17 

6G 

Groups 1 and 2 are reported in some detail in the present paper. 
Group 3 is reported in the following article.*" Groups 4 and 
6 are dismissed because glycosuria was not permanent. It is 
probable that in Group 6, which is for the present discarded, there 
are certain cases of “ tjqiical ” renal glycosuria. 

The finding of 2 cases of pentosuria illustrates well, as has been 
emphasized by Jones and Sussman,*® the clinical similarity of renal 
glycosuria and pentosuria. It shows the importance of attempts 
to identify the tj^ie of sugar which is being excreted by patients 
with supposed renal glycosuria.* 

Diagnostic Criteria. The following standards were chosen arlii- 
trarily in the selection of the cases of “tjqiical” renal glycosuria 
here reported. 

1. G^mosuria without hjq)erglycemia. Sugar should be found in 
every specimen of urine examined, whether it be voided in the 
fasting state or after a meal. Tlie amount of sugar excreted per 
24 hours is of little importance; it may be large (over 100 gm.) or 
small (under 10 gm.). No fasting blood sugar value (venous) 

* Since t)iis pnper was completed an additional case of jKjntosuria (in. a cHild) 
lias iK'on fliscovered. 
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may be 0.12 gm. pev 100 cc. ov over and no blood sugar value 
(venous) after a meal may be 0.1-7 gm. per 100 cc. or over. 

2. Glycosuria should be largely independent of diet, but may 
fluctuate somewhat, depending on the amount of carbohydrate 


ingested. ' ■ , , t i t i 

3. The level of blood sugar should be influenced only slightly by 

the ingestion of food. The curve obtained after the giving of 
100 gm. of dextrose should be a normal one with no value rising to 
0.17 gm. per 100 cc. or over and with a return to the control value 
within 2 hours. Often the tolerance curve may exhibit even less 


than a normal rise. 

4. The symptomatology characteristic of diabetes mellitus should 


be absent. 

5. The type of sugar found in the urine should be proved to be 
dextrose and not levulose, pentose or other substances which reduce 


alkaline copper solutions. 

6. No progression toward true diabetes mellitus should be evident 
during an arbitrarily chosen period of at least 3 years of observation. 

7. Tor complete study it should be shown that the patient is 
able to store and utilize carbohydrate in a normal fashion as demon- 
strated by determinations of the respiratory quotient and metabol- 
ism before and after a carbohydrate meal. We have not carried 
out this desirable procedure. As Rabinowitch^^ and Paullin^® have 
shown, however, the mild diabetic under certain conditions may 
show no impairment by such tests, so that the method does not 
afford an absolutely reliable means of differentiating mild diabetes 
from nondiabetic glycosuria. 

8. A common finding,® which cannot, however, be regarded as a 
necessity for diagnosis, is the history of glyeosur-ia occurring in the 
relatives of the patient. 

Methods Used. 1. Urinary Sugar.- Praetically all the qualitative 
tests were performed by Benedict’s method, although in a few of 
the earlier tests Fehling’s and Nylander’s reagents were used. The 
amount of sugar was determined in the earlier tests by the fermenta- 
tion method, by polariscope and by Benedict’s original method. 
Since 1922 all quantitative determinations have been carried out 
by Smith’s modification^® of Benedict’s method. 

2. Identification of Type of Urinary Sugar. Seliwanoff’s reaction 
for levulose and Tollen’s phloroglucinol test for pentose were used^^ 
to exclude the presence of these sugars. The fermentation test was 
applied in the usual manner, using bakers’ yeast and incubating 
in a saccharometer for 12 to 24 hours at 25° to 30° C. In every 
instance after allowing time for fermentation the Benedict test was 
repeated to assure the complete disappearance of reducing sub- 
stances. In a few instances (see Table 1) the phenj^hydrazine testes 
was carried out and the osazones so formed identified under the 
microscope. In a few instances (see Table 1) after recrystallization 
the melting point of the crystals was determined. 
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Table 1, — Case Summaries of 15 Cases of 
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a. Patients With 


2165 

M 

2 children ;10.2 

37.9i46.7j3G.5 

0.9 

5.3 

44 

0 

Dec. 

VST 

Negative 

2 0 


0 

2279 

M 

Great-grand ' 17.8 i 17.9 

mother » 

27 3 

9 5 

0.2 

6 4 

55 

0 

Dec. 

VST 

Negative 

4.0 

0 

0 

2768 

F 

16.7i26.0 

34.4 

17.7 

Tr. 

3.3 

19 

0 

Nov. 

VST 

Negative 

1.2 

0 

0 

3618 

F 

Mother; sister 16 3 

16.4 

23.3 

7.0 

0.3 

0.8 

10 

0 

Deo, 

VST 

5-15 WBC; 
p.h.p.f. 

0 6 

0 

0 

4025 

M 

Brother 41.3 

41.4 

47.8 

6.5 

0.3 

5.3 

20 

0 

Sept. 

.SPT 

Negative 

5,3 



4160 

F 

Mother; father;; 6.2 
3 pat. uncles 

G.2 

12.3 

6.1 

0.2 

5.0 

24 

0 

Dec. 

VST 

Negative 

5.0 

0 

0 

5745 

M 

Father; brother 15.5 

15. 0 

19.5 

4.0 

0.1 

1.8 

18 

0 

Dec. 

SPT 

Negative 

0,6 

0 

0 

6252 

F 

Mother; brother; 25 9 
sister 

35.7 

39.0 

13.1 

C.4 

2.5 

10 

0 

Dec. 

VST 

Rare RBC; 
10-25 WBC; 
p.h.p.f. 

0.4 

0 

0 

0314 

M 

Pat. uncle 28.1 

28.1 

31.3 

3.2 

0.3 

1.4 

6 

0 

Dec. 

VST 

1-4 IVBC; 
p.h.p.f. 

0 4 

0 

0 

0708 

F 

Sister i 4.8 

5.5 

8.3 

35 

0,2 

3.8 

48 

0 

Dec. 

VST 

Negative 

2,7 

0 

0 

6709 

P 

Sister . 5.6 

6.4 

9.3 

3.7 

0 3 

3.4 

46 

0 

Dec. 

V.S'l' 

Negative 

3.4 

0 

0 

8356 

M 

'33.8 

43.6 

44.8 

11.0 

■iv. 

0.5 

6 

0 

Deo. 

VST 

Rare WBC; 
p.h.p.f. 

Tr. 

0 

0 

8357 

F 

{19.2 

21.1 

22.3 

3.1 

0.3 

3,8 

8 

0 

Dec. 

VST 

Negative 

0.4 

0 

0 

8834 

M 

I28.7 

31.8 

32.5 

3.8 

0.3 

2.2 

9 

0 

Dec. 

VST 

Negative 

0.6 

o| 

0 

8885 

M 

Father ‘27.7 

( 

1 

37.8 

38.6 

10.9 

0.2 

2.8 

8 

0 

Dec. 

ST 

3-5 IVBC: 

p.h.p.f. 

0.4 

0 

0 


.Averages |M-8! 
and totals ! F-7 
15 cases ! ' 


Hereditary 
cases — 1 1 
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: 0 
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; 0 3 . 
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' mat. aunt; 2 pat. 




1 1 


1 

1 

I 


1 1919 1 

VST 
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1.2 0 

^ 0 

1012 j 

F 

Sister ofNo. I2G6 

10.5 

12.8 

24,1 

|t3.G 

0.0 

1.7 1 

76 1 

2 

1 Dec. 

i 

2322 

F 

1 

25.2 

25.3 

! 

34.7 

i 9.5 

0.0 

2.0 i 

40 

5 

' Jan. 

VST 

20-10 ITOC; 

, Tr. ' . 







1 




1 

il931 


p.h.p.f. 



2556 



32.5 

32.7 

41.4 

' 8.9 

1 

o.c 

1.0 

35 
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Nov. 

VST 

Rare WBC; 
p.h.p.f. 

■ 0,5 0 

i i 

0 

3I5S 

' M 

1 

Son 

.51.0 

!gI.5 

[60.1 

17.6 

0.0 

; FS 

10 

J 1 

Dec. 1 

i 

SPT 

Itarc WBC; 
p.h.p.f. 

1 0.7 ; 0 

0 
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; F 1 
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91 9 ! 
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* All urinespedmens listed above under “Last Examination ofUrine” (Fall, 1930) were obtained after an overnight fa* **! 
except in Case -4025, in which the urine was voided i hour after lunch, and in Cases 2556, 315S and 5094, m which 14-hour 

amount specimens were used. . . , , » _ 

t Carbohvdratc tolerance tests were performed after an overnight fast in all instances except as follows. Case SJo/ . 
\\ hours after breakfast; Case 8S34. hours after lunch; Ca«« 888.5, 1 hour after breakfast, lllood sugar vahus in 

•* Fasting” column are, therefore, not fasting valut?^ 
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‘Ti’pical” and 7 Cases of “Atypicae” Renae Geycosurev. 

CarMiydratc tolerance teats, f 


Last exam, of urine.* 


Blood suRar. 


lVe.sciit condition. 


Fermentation test. | 

, 1 

Benedict s test after 
fermentation. 

1 

i 

. 1 

H 

Phcnylhydrazm test for 
dc.Ktrosc^ . 

Melting point of osazor 
crystals, ° C. 

KccorucQ 
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Typical Renal Glycosuria. 
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75 
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Nov. 

118 
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Nov. 
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Sept. 

157 

Well 

Sept. 

02 

Well . 

Sept. 

03 
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Deo. 

172 

Well 

July 

94 
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108 

Fairly 
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152 
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Normal. 
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Normal. 

Normal. 
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Atypical Renal Glycosuria. 
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Sept. 

100 
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Sept. 
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QT i “'bumin in urine the following symbols were used: SPT = slightest possible trace; VST = very slight trace- 

bT = slight trace Tc-sts designated as SPT and VST may be regarded as normal ' o e very sngnt trace, 

field of inScopL"""''''^’ corpmscles, BBC = red blood corpiLscles and p.h.p.f. = per high power 



816 


jiarble: rbnae geycoserlv 


3. Blood Sugar. Folin’s methods of blood sugar analysis were 
used throughout. For the most part, the method published in 
1920^® W’as emploj-^ed for the analysis of venous blood. Capillary 
blood sugar analj^ses reported in this paper were done bj' the micro- 
method of Folin and hlalmros.®® 

Presentation of Data. In Table 1 the 22 patients are divided into 
two groups: 

1. Those vath “tj^pical” renal glycosuria, 15 in number. In 
the years of observation thus far since the discovery of glycosuria 
in these patients there has never been recorded a sugar-free specimen 
of urine nor an abnormal blood sugar. 

2. Those whose clinical beha^^or is typical of renal glycosuria, 
but whose urine on rare occasions has been found free from sugar or 
udiose blood sugar has been found at times to be slightly above the 
the value regarded as normal in this clinic; there are 7 cases in this 
group. 

It is possible that time and more thorough study may relegate 
some cases from Group 1 to Group 2. Objection may be made 
that the division between the two groups is illogical since all 22 
patients are individuals with a low renal tlireshold for sugar and a 
benign t 3 p>e of glycosuria. Further objection may be made that 
under conditions of starvation or large insulin dosage®^ sugar-hee 
urine might be produced in patients in Group 1. However, we feel 
that for the purpose of future study it is worth while to put into 
one distinct group 15 patients who thus far fulfill the requirements 
set up for the diagnosis of renal glycosuria. 

I. Patients With Titical Kenal Glycosuria. In Table la 
are presented the outstanding features of the case histories in this 
group of 15 patients. All 15 of these patients are liiung. 

Se.v. The almost equal distribution between the sexes differs 
from that in the group of 69 cases collected from the literature by 
Finley and Rabinowitch®- in which 48 were males and 21 were 
females. 

Race. Two of the 15 patients are Hebrews. 

Heredily. In 11 instances (73 per cent) a iamily historj' of 
glycosuria was obtained. This striking factor of heredity has been 
mentioned repeatedly in the literature. In our series tliere are 
S instances of true renal glycosuria occurring among brothers 
and sisters, as follows: (a) The brother of Case 4025 was con- 
sidered at the Peter Bent Brigham Hospital in Boston to have renal 
gljmosuria; (b) Cases 6708 and 6709 are sisters; (c) the brother of 
Case 5745 appears to have tjqjical renal gb^cosuria but is not 
included in this series because a recent urine analysis was not 
a\'ailable. The father of these 2 boj's is said to have had diabetes 
“ in attacks.” 

The great grandmother of Case 2279 was said to have died of 
diabetes at the age of 77 years; obviouslj' if she had true diabetes 
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the disease was mild. The mother of Case 3618 is Joslin’s Case 
1980 and is listed as having “unclassified glycosuria.” Case 4160 
has a striking family background of glycosuria. Four relatives are 
patients of Joslin (mother, Case 1470; father, Case 3598; 2 paternal 
uncles. Cases 2254 and 5019). These patients and another paternal 
uncle, not treated here, all have glycosuria which never has been 
proved to be diabetic. The mother, sister and brother of Case 
6252 are reported to have or to have had diabetes; tlie mother died 
in coma. One paternal uncle of Case 6314 is recorded as having 
diabetes. The father of Case 8885 had glycosuria which was noted 
after an injury. 

Accordingly, none of these patients have relatives who have been 
observed in this clinic to have had diabetes mellitus, although the 
evidence from other sources, as outlined above, strongly points to 
this, particularly in the instance of Case 6252. 

Age at Discovery of Glycosuria. The average age at which glyco- 
suria was first discovered was 19.9 years. The earliest age at 
which it was noted was in Case 6708 at 4.8 years. Onset under 
10 years was noted also in Cases 6709 and 4160. The onset was in 
6 instances in the second, in 4 instances in the third and in 1 
instance in the fourth and fifth decades. It is, indeed, striking 
that in 9 of the 15 cases urinary sugar was found first before the 
age of 20 years. Goldbloom^’ reported a case in an infant, aged 
20 months, whose father also had renal glycosuria. The infant was 
observed only for 6 weeks, however, and the urine became sugar-free. 

Duration of Glycosuria. The average length of time from the 
discovery of glycosuria to December, 1930, was 9.3 years, with a 
range from 3 to 36 years. Relatively few cases of long duration 
of glycosuria are recorded in the literature. Case 1 of Finley and 
Rabinowitch"^ was studied carefully 29 years after the discovery 
of glycosuria, but apparently he was sugar-free for part of that 
time. Probably the first case reported in the American literature 
was that of Strouse and Beifeld.-^ Sugar was found in the urine 
of their patient on November 6, 1912. On December 11, 1930, 
Strouse wrote us that this man is alive and in good health. A 
recent urine examination showed a trace (less than 0.2 per cent) of 
sugar. HoAvever, the rather high blood sugar values AAdiich at times 
have been obtained in the study of this patient Avould exclude him 
from the group of cases which Ave are reporting in this paper. His 
glycosuria apparently is benign, hoAvever. 

Symptoms. Ten of the 15 patients have never complained of 
polyuria, polydipsia or loss of AA^eight. Four patients (Cases 2165, 
4025, 4160, 6314) complained of pobmria, 3 (Cases 2165, 4160, 
6314) of polydipsia, 2 (Cases 2279 and 4160) of loss of Aveight and 
4 (Cases , 4025, 4160, 6252, 6709) of easy fatigability or Aveakness. 
These symptoms in most cases AA’ere recorded on the history as 
“slight.” No patient complained of polyphagia, pruritus or fur- 


I 



SIS 


m.\iible: renal glycosuria 


unculosis. Since Case 4160 was only 6 years of age the symptoms 
as given may not have been accurate. 

Glycosuria. Of the 15 patients 13 have shown at one time or 
anotlier 1 per cent or more sugar in the urine; 11 have shown at 
times 2 per cent or more. Case 2165 has excreted as high as 
110 gm. of sugar per 24 hours. Case 2279 has excreted from 7 
to 102 gm. per 24 hours. On the other hand, Cases 2768 and 
4160 have recorded excretions of only 1 to 7 gm. and Case 4025, 
12 to 18 gm. per 24 hours. No patient in the series has a sugar- 
free urine specimen listed in our records. The urine (voided before 
breakfast) of every patient was examined in the fall of 1930 and 
found to contain sugar in the amounts indicated in Table 1. The 
striking persistence of urinary sugar excretion (or at least, of copper- 
reducing substances) in Case 2279 even during fasting is shown in 
Table 2. Unfortunately at that time no tests were made to prove 
tliat the small amounts of reducing substances were actually 
dextrose. 

Table 2. 


Mr. L. C.; Case 2279; Age, 17.9 Years. 




Urine 



Diet per 24 hours. 


Diitc, 1921. 

Volimie, 

! 24 hrs. 

' oc. 

1 


Sugar. 


! 

1 


i 

Fasting 

blood 

sugar, 

Diacetic 

acid. 


Grams 

per 

24 hrs. 

CHO, 

gm. 

p.. 

gm. 

F., 

gm. 

; Cal. 

gm. per 
100 cc. 

Jan. 28-29 

1600 

0 

2.5 

40 

21 

7 

0 

112 


.Inn. 29-30 

3300 

0 

0.8 

26 

04 

33 

0 

' 388 

o.os 

Jan. 30-31 

2000 

0 

0.9 

18 

36 

27 

0 

i 252 


Jan. 31-Eob. 1 

1400 

SI. + 

0.9 

13 

15 

5 

0 

1 80 


Feb. 1-2 . . 

1450 

SI. + 

0.5 

7 

0 

0 

0 

: 0 

0.07 

Feb. 2-3 . . 

1900 

SI. -b 

0.5 

10 

0 

0 

0 

0 


Fob. 3-4 

2200 

0 

0.3 

7 

0 

0 

0 

0 


Feb. 4-5 

3400 

0 

0.2 

7 

0 

0 

0 

0 


Feb. 5-6 

1650 

SI. + 

0.4 

7 

20 

33 

10 

' 302 

0.06 

Feb. 0-7 . , 

1600 

0 

0.7 

11 

30 

46 

21 

' 517 



It will be noted from the above that the excretion of reducing 
sulistances in the urine continued despite subnormal blood sugar 
values. Marsh-= has published similar observations made in a very 
complete study. 

Type of Sugar. Tests for levidose and pentose were negatUe 
in all specimens of patients listed in Table la. Control tests with 
known levulose and gum arabic solutions and with normal urine 
were made, so that the interpretation of the results of the Seli- 
wanotf and Tollen tests was judged by as good standards as we 
could devise. Despite this, we did not find these tests entirely 
satisfactorj'. 
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In 11 cases the sugar was preeipitatecl by phenylhycirazin. Jhc 
osazone formed was identified microseopically as that cliaracteiistic 
of dextrose. In 3 instances the melting point of the osazone’’- was 
found . to be that characteristic of dextrosazone, and tins was not 
altered by the addition of known dextrosazone crystals. 

Blood Sugar Values. Fasting blood sugar values are available 
in 5 cases. The highest recorded values range from 0.04 to 0.11 _gm. 
per 100 cc. of blood. Tlie highest blood sugar values obtained 
after a meal vary from 0.09 to 0.16 gm. per 100 cc. Most of them 
were taken within an hour after a meal. The average highest post- 
prandial value for the group is 0.13 gm. per 100 cc. 

Carhohjdrate Tolerance Curves. In 7 instances tolerance curves 
were made either following 100 gm. of glucose or (in Case 2768) 
a test meal of 2 shredded wheat biscuits and 120 cc. of milk, which 
contained carbohydrate, 50 gm.; protein, 10 gm.; and fat, 6 gm. 
The individual tests are set forth in Table 1. In general, the 
curve was quite flat, rising normally from the control value. In 
Cases 8357, 8834 and 8885 the test quantity of glucose was given 
1 or 1| hours after an ordinary meal. These particular curves 
show values which are somewhat greater but still within normal 
limits. 

Evidences of Accompanying Nephritis. None of the 15 patients 
has at any time given evidence of the presence of nephritis. ' For 
that reason not many tests are recorded. However, Case 2165, 
in 1921, after 27 years of glycosuria had a phenolsulphonephthalein 
excretion of 62 per cent in 2 hours, a normal blood nonprotein nitro- 
gen value and a normal variation in the specific gravity of the urine. 
The phthalein excretion of Case 2279 was 90 per cent in 1921 and 
that of Case 4025 44 per cent in 1924. 

The microscopic examination of the urinary sediment in the 
recent analyses (Table 1) has shown no abnormality of note in any 
of the 15 cases. The urine of most of the patients gave a faintly 
positive reaction for albumin by the very sensitive Robert and 
sulphosalicylic acid tests. The incidence of positive tests, however, 
is probably no greater than that in an average group of individuals 
coming for routine examination to this office. 

Present Condition. The 15 patients reported in Table la reported 
in person or by letter during the last 4 months of 1930. All are in 
excellent health and maintaining a normal weight except Cases 8357 
and 8834, whose weights are slightly subnormal. Their complaints 
are mild and seem unrelated to the glycosuria. All are on a normal 
diet. A few patients avoid straight sugar as in tea and coffee. 

The effect of fasting or of loio caloric diets was^tried in 4 of the 
earlier cases. Case 2165 was on a low intake from 1894 to about 
1904 vithout ever having a sugar-free urine. His condition im- 


* IVe arc greatly indebted to Dr. C. F. Bailey of the Department of Organic 
Chomistr> of Harvard University for certain of the melting-point determinations. 
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proved greatly when lie began experimenting with higher diets. 
He now observes no dietary restrictions and is in good health. In 
1921 Case 2279 (referred to above) Avas kept under observation 
in the hospital for 14 days and food was withheld entirely for 
4 days. His urine was never sugar-free. The urine of Case 2768 
did not become sugar-free when she ivas kept for 8 days on a diet 
containing less than 1200 calories. Diets containing from 500 to 
800 calories a day failed to make the urine of Case 4160 (then 
6 years of age) free from sugar, despite fasting blood sugars of 
0.03 and 0.04 gm. per 100 cc. and blood sugars of 0.07 and 0.09 gm. 
per 100 cc. 1 hour after a meal. During this period the urinary 
sugar varied from 0.5 to 1.8 per cent per 24 hours. 

The Effect of Insulin. Case 4025 received insulin for 6 days 
in doses of from 5 to .30 units a day. Despite a low caloric diet 
(for 4 days under 1250 calories per day) the urinary sugar was 
unaffected. Cases 6708 and 6709 (then 5.5 and 6.4 years of age, 
respectively) received insulin for 6 days in doses of 10 to 20 units 
a day without affecting the urinary sugar output. This lack of 
effect has been frequently commented upotf®'*^ but as Powelson 
and Wilder-^ point out, it is possible that if very large doses of 
insulin had been used sugar-free urine might have been secured 
through extreme lowering of the blood sugar. 

II. Patients With Atypical Renal (jlycosurlv. In Table 15 
are shown the data of 7 other patients with undoubted benign 
glycosuria. These patients have a low renal threshold for sugar 
and excrete sugar in the urine almost constantly. However, they 
have had occasional sugar-free specimens and Cases 1612, 2322 and 
3959 have had occasional abnormal blood sugar values. (It is 
only fair to state that the value of 0.22 gm. per 100 cc. in the case 
of No. 2322 is the only abnormal value in 29 determinations. Since 
her tolerance curve is so flat in shape (Table lb) it is possible that 
the value of 0.22 was a laboratory error.) 

Of these 7 patients 1, Case 1266, quite well and strong at the 
time, died in March, 1922, in a coasting accident. His sister. 
Case 1612, is alive and very well today, living on an unrestricted 
diet. 

Three of the 7 patients, are males and 4 are females. Four gave 
a family history of glycosuria. The mother of Cases 1266 and 1612 
has glycosuria ; 1 maternal aunt and 2 paternal great-aunts are said 
to have had diabetes mellitus. The son of Case 3158 has a condi- 
tion much similar to that of his father, except that his urine 
does not so regularly contain sugar and he has had very slightly 
abnormal blood sugar values. The sister of Case 3959 is said to 
have diabetes. 

The age of discovery of glycosuria varied from 5.4 to 51.5 years. 
The average known duration of glycosuria is 10 years and varies 
from 6.8 to 17.0 years. 
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Symptonis liave been few. Case 1266 wlien first seen complained, 
of polyuria, polydipsia and polyphagia; he \yas only 7 years of 
age at the time, however, and later was quite well and strong. 
Case 1612 complained of polydipsia, Case 5094, of polyphagia and 
easy fatigability, and Case 2322, of easy fatigability. 

Urinary sugar has varied from 0 to 2 per cent. In Cases 1266 
and 1612, in whom a great many tests' were done, the 24-hour 
excretion of sugar varied from 0 to 14 and 0 to 12 gm., respectively. 
At the' last examination (in the fall of 1930 in every case except 
Case 1266) all showed sugar in the urine and in 4 instances this was 
proved to be dextrose. 

The values for the blood sugar obtained fasting, after a meal, 
and during a tolerance test are given in the table and need no 
further comment. 

The 6 living patients are at the present time in good health, 
have a normal weight and are observing no dietary restrictions. 

The effect of fasting was tried in 2 patients of this group. Case 
1266 when starved in 1917 became sugar-free. His fasting blood 
sugar then was 0.07 gm. per 100 cc. On a diet containing 400 cal- 
ories a day (carbohydrate, 15 gm.; protein, 30 gm.; fat, 24 gm.) 
sugar reappeared in the urine. Case 2322 became sugar-free on 
80 calories a day (carbohydrate, 15 gm.; protein, 5 gm.; and fat, 0) 
and diacetic acid appeared in the urine. Her fasting blood sugar 
was at the time 0.06 gm. per 100 cc. 

Discussion. Of more interest than the presentation of cases of 
renal glycosuria is a consideration of the nature of the disorder. 
The early experiments of von Mering^® showed that the subcu- 
cutaneous injection of phloridzin causes glycosuria without hyper- 
glycemia. Zuntz^® showed further that this glycosuria most likely 
is due to local change in the Iddney. He found that the injection 
of phloridzin directly into the renal artery of one side causes the 
immediate excretion of sugar from the Hdney supplied by that 
artery. Not until later does sugar appear in the urine from the 
opposite kidney. The knowledge of these experiments naturally 
focussed attention upon the kidney in the spontaneous normo- 
glycemic glycosuria in man. 

In fact, the earliest reported cases of renal glycosuria had ante- 
cedent or concomitant nephritis. It was maintained by Luthje®“ 
and others that such association was essential for the diagnosis of 
renal diabetes. B6nniger®i and vonNoorden®^ insisted, however, 
that the one abnormality had nothing to do with the other. In 
the recent literature writers have taken pains to state the renal 
function of reported cases. There has been general agreement that 
this is normal.22.25.33 -phere is nothing in our data to suggest that 
m the cases of renal glycosuria there is accompanying nephritis 
Mild albuminuria is probably no more frequent than in the average 
individual coming for routine examination. We have been unable 
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to find in the literature an account of an autopsy on a renal glyco- 
sui-ic. There is nothing known of the morbid anatomy of the 
disease. Since the exact mechanism of tlie production of glycosuria 
by means of phloridzin is far from clear, studies of this condition 
have been of limited value in the understanding of renal glycosuria. 

In renal glycosuria in man everything seems to point to normal 
functioning of the pancreas. The blood sugar is normal, insulin 
administration has little or no effect upon the glycosuria"® and 
metabolism and respiratory quotient determinations have shown 
no impairment of the body’s ability to store and to use carbohy- 
hydrate.i'* Ketosis develops when the patient fasts rather than 
when he overeats.®® It may develop under postoperative condi- 
tions®® in the renal glycosuric as in the normal individual. 

This lack of diabetic symptomatology, the lack of progression 
of the disease and the obvious benignity of the condition set it off 
from true diabetes mellitus. On the other hand, the occurrence 
in the same family group of an individual with diabetes mellitus, 
of another with renal glycosuria and perhaps others with transient 
or cyclic glycosuria is enough to make one wonder as to the possible 
association of the various types. There are reports too of the oc- 
occurrence in the same individual of true diabetes and a low renal 
threshold.®^' Despite this, Hjame’s® study of glycosuric families 
led him to believe that orthoglyceniic glycosuria and diabetes melli- 
tus probably have a different origin and that no transition occurs 
between the two. He regarded their occurrence in the same 
families as a possible chance coincidence. 

Geyelin®® states that “ observation of patients with this condition 
(of renal glycosuria) over prolonged periods shows that a certain 
number develop true diabetes mellitus,” but quotes no actual cases. 
Umber and Rosenberg®® believe that they have seen cases progress 
from glycosuria innocens to diabetes mellitus, but as Hjiirne® 
points out, 1 of these patients had on first admission a fasting blood 
sugar that was distinctly abnormal (0.156 gm. per 100 cc.). Gott- 
schalk and Springbonfi® take for granted that patients with harmless 
glycosuria of the renal tjqje may later progress to true diabetes 
mellitus, often with persistence, however, of the “renal” element. 
Their first patient, however, at the time of first observation had 
distinctly abnormal blood sugar values. This change from true 
renal glycosuria to true diabetes mellitus has not occurred in any 
of the cases seen in this clinic. Our e.xperience agrees with that 
of Faber,^^ Hjiirne® and Holst.^® 

In a condition in which the diagnosis depends entirely on labora- 
tory findings it is difficult to ascertain whether or not the disorder 
is congenital. Our records certainly suggest that at least in some 
instances renal gljmosuria is not congenital. In addition to the 
data given in Table 1 we know further that the children of Case 21 fw 
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had sugar-free urine a year ago but now have glycosuria; On the 
other hand, the condition usually appears early in life. In 9 of our 
15 typical cases glycosuria was discovered before the ap of a) 
years. In several of our patients the histOTy is giveii that, following 
■ the initial discovery of urinary sugar, dieting at first produced a 
sugar-free urine. TJien perhaps for weeks or months sugar appeared 
in the urine intermittently. Finally when first seen in the office or 
hospital these same patients were found to have constant glycosuria 
' which had persisted to date. This type of history argues for a 
gradual aequisition of the lowered renal threshold, althougli un- 
doubtedly in most cases due to an inherited tendency. 

True renal glycosuria is presumably a permanent condition lasting 
from the time of onset until the end of life. Whether it can ever 
be a temporary state is questionable. Faber^^ believes that in the 
same individual the renal threshold for supr is the same throughout 
life. Certainly, however, as he agrees, it is lowered during preg- 
nancy and upon the administration of phloridzin. It is probably 
also lowered at the onset of the spontaneously arising condition 
of renal glycosuria. Whether this may at times be due to toxic 
injury to the kidney, as during infections, is not known. We know 
that following pregnancy and following the cessation of the effect 
of phloridzin the normal threshold is regained. It seems reasonable 
to suppose that this might occur in the case of renal glycosuria. 
Fitz® mentions such a case. No such case has been seen in this 


clinic. In our group of discarded cases there are a few which 
seem to have shown this transient character, but in every instance 
the diagnosis was made originally after only brief observation 
because past history of glycosuria seemed at the time to warrant it. 

Although there may be some unknown extrarenal factor in their 
causation, the different types of benign glycosuria seem at least 
partly explainable on the existence of different levels of the renal 
threshold for sugar. At one' extreme are those cases which we 


choose to classify as instances of “typical” renal glycosuria. These 
individuals have sugar in the urine at absolutely normal or even 
subnormal levels of blood sugar. Then there are individuals who 
show urinary sugar only when, as after a meal, the blood sugar 
rises above 0.11, 0.12 and 0.13 gm. per 100 cc. The glycosuria of 
such individuals corresponds to the alimentary glycosuria or 
“cyclic” renal glycosuria of others^^ and have been designated as 
“ unclassified cases by Dr. Joslin. The glycosuria is of the “ renal ” 
Wpe, to be sure, and it is undoubtedly this latter condition which 
Fohn and Berglund^ refer to as being so common. We believe that 
constant glycosuria irrespective of blood sugar is a rare condition. 

It IS self-eyident that the practical danger in making the diagnosis 
of renal glycosuria lies in the confusion of this condition with that 
of potential or mild diabetes melhtus which without adequate 


/ 
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treatment may increase in severitiL Special care is necessary 
in the diagnosis of the glycosuria of pregnancy which is by no means 
aln-ays of the benign “renal” type u'hich disappears after the 
termination of the pregnancy. For the diagnosis of renal glycosuria, 
therefore, we believe that observation over a period of years is 
necessarjL When the diagnosis 'is tentatively made the patient 
should be carefully followed. Tests of blood and urine should be 
made every 3 months for the first 3''ear and every 6 or 12 months 
thereafter. 

Summary. 1. A definition of renal glycosuria is stated. Only 
15 cases in a studj’’ of 9000 cases of glycosuria were found which 
fulfilled the requirements as outlined. In addition, 7 cases were 
found which are considered tjqiical of renal glimosuria e.vcept for 
an occasional sugar-free urine specimen or an exceptional blood 
sugar value above the limit of normal set by this clinic. 

2. Two cases of chronic (“essential”) pentosuria were discovered 
among the patients with supposed renal glycosuria, 

3. No case in the group has recognizabh' progressed toward 
diabetes mellitus despite the fact that of the 15 “typical” cases, 
5 have had glimosuria for over 10 years and 1 for over 36 years. 

4. .In 13 of the 15 cases glycosuria was first noted before the 
age of 30 j^ears. In 3 cases onset was noted before the age of 10 
j'ears and in 9 cases before the age of 20 years. 

5. The history of glycosuria in the relatives of the patient was 
obtained in 11 of the 15 cases. 

6. No evidence of nephritis was found in anj'' of the patients. 

7. Because of its rarity care should be made in making the final 
diagnosis of this type of glycosuria. 

Case Report. Because of the very long duration of gb'cosuria, Case 
21G5 desen^es special mention. This patient, Mr. C. M. D., born April 21, 
1SS4, was alwas's well until September, 1893, when, at the age of 9.1 years, 
he began to experience occasional attacks of asthma particular^'' in tiie 
winter after upper respiratorj^ infections. Sugar was first noted in the 
urine in the spring of 1894. The amount is said at that time to have been 
as great as 2 to 4 and even 10 per cent of sugar. For 10 j’ears he was kept 
on a strict dietarj’- regime. However, despite a low carbohj'drate intake, 
urine analyses every month or two showed large amounts of sugar, varjdng 
from 1 to over 3 per cent. Figures at hand indicate that the sugar excreted 
jjer 24 hours varied from 19 to 105 gm. Gradually he began to disregard 
precautions of diet. In college (1904 to 1908) he ate a full diet except for 
the omission of sugar and s^veet desserts and has continued to do so until 
the present time. 

He consulted Dr. Joslin in April, 1921 . At that time he was 38 years of age, 
was .5 feet 10 inches tall, and weighed 140i pounds (without clothing). His 
only complaint was that of lack of energj'. He had had slight polyuria and 
poIydip.?ia at ti/nes, Fhysic.'il examination showed no abnormalitie.s. 
The blood pressure was 130 s}’stolic and SO diastolic. A tipical urine anal- 
ysi.s is included under the date of April 20, 1921, in Table 3 below. 
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Date. 


Jan. ! 

24, 1899 

Sept. 

11, 1899 

Mar. 

13, 1900 

Sept. 

22, 1900 

Mar. 

30, 1901 

Oct. 

4, 1902 

Apr. 

4, 1903 

Sept. 

8, 1904 

Sept. 

20, 1904 

Apr. 

9, 1900 

Sept. 

12, 1900 

Apr. 

20, 1921 

Sept. 

9, 1921 

Oct. 

8, 1921 

.Ian. 

8, 1922 

.Tune 

15, 1925 

Oot. 

20, 1925 

July 

23, 1928 

Sept 

. 22, 1930 


Table 3.— Uiunalyses vhom 1890 to 1030. 
Mr. C. M. D.; Case 21f).'j. 



24 -hour 
miiouiit, 
cc. 

Specific 

pravity. 

■ 

I 

’.•Vllmniin. i 

1 

i 

1 

u 

Diiu’ctu’ < 
acid. j 

1 

I 

1920 

1.037 

1 

___ 1 

1 

0 i 


4000 

1.020 

1 

0 


2820' 

1.027 

— ! 

0 


3000 

1.020 

i 

0 


1440 

1.042 

Trace ■ 

0 


2940 

1.023 

~ i 

0 


1000 

1.030 


0 


1800 

1.050 

— ! 

0 


3300 

1.018 

— 

0 


2800 

1.030 

— 

0 


2900 . 

1.02G- 

“ 

0 



. • • 

S. p. t. 

0 


2340 

1.030 


— 

. . i 1700 

1.043 

— 

— 

. . 1 2100 

1.032 


— 

; . 1 1020 

1.0.30 

— 

+ 

. . ' 1980 

1.028 

— 

0 

! .... 

I.OIG 

0 

i ^ 

. . ' 1800 

, . 

0 

0 


I 


Siwar. 


T. i 

Per j 

cent. 1 

1 

1 

GraniB 

in 

21 lire. 

3.0 ! 

5S 

1.7 i 

08 

2.0 j 

73 

3.5 

105 

2.5 

30 

1.0 

29 

2.0 

32 

0.9 

10 

2.0 

07 

3.0 

84 

2.0 

58 

2.5 


4.7 

110 

5.0 

95 

4.0 

84 

4.2 

08 

3.3 

05 

2.0 


4.3 

i SO 

I 

... — . 

1 


In the urine there was no diacetic acid, only a slightest ])ossible trace of 
albumin and no abnormalities in the sediment. The nonprotein nitrogen 
of the blood was 34 mg. per 100 cc., despite a moderately high protein diet 
(85 to 113 gm. of protein a day). The phenolsulphonephthalein excretion 
was 62 per cent in 2 hours. A “2-hour renal” test showed a variation in 
specific gravity from 1022 to 1042. The fasting blood sugar was 0.10 gm. 
per 100 cc. on one occasion and 0.07 gra. per 100 cc. on another.' The toler- 
ance curve done after a test meal is included in Table la. 

Since 1921 his course has been uneventful. Periodic urine examinations 
have invariably shown sugar (Table 3). A note from him in November, 
1930, states that his health is excellent although he has not as much energy 
as formerly. He was iU with dengue fever in Cuba for 3 months in 1925. 
His physical examination* in September, 1930, was normal. His weight 
was 159| pounds and his blood pressure was 128 systolic and 85 diastolic. 
No albumin was found in his urine on September 22, 1930. The blood sugar 
was 0.09 gm. per 100 cc. He has 4 healthy children. The 2 oldest of these, 
Elizabeth, 13|, and Evans, 9^, were found in October, 1930, to have 0.8 
per cent and 0.6 per cent urinary sugar, respectively. Both had a normal 
blood sugar. Both had been examined 1 year before and no urinary sugar 
found'. Eor details as to the identification of urinary sugar see Table la. 


The points elicited by this study 
ceding page. 


are summarized on the pre- 
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CHRONIC ESSENTIAL PENTOSURIA: 

A Report of Three Cases. 

By Alexander ]\1a.rble, M.D., 

BOSTON, MASS. 

(From the Joslin Diabetic Unit and the New England Deaconess Hospital.) 

Although alimentary pentosuria is said to occur rather frequently 
after the ingestion of large amounts of fruits, chronic ''essentiar’ 
pentosuria is usually regarded as a rare condition.^ In the course 
of a recent study described in an accompanying article^ two sucli 
cases were discovered among a group of patients with’ supposed 
renal glycosuria. Their discovery emphasizes the fact that unless 
the type of urinary sugar is determined, clironic pentosuria may be 
easily mistaken for renal glycosuria.^ These 2 cases, and a third 
case more recently discovered (among the group of patients with 
“unclassified” glycosuria), represent the*only recognized instances 
of chronic pentosuria among 9000 consecutive cases of mellituria 
seen by Dr. Elliott P. Joslin and associates. 

In the identification of the type of sugar excreted in the urine 
the methods used were those described in the preceding article," 
namely, Seliwanoff’s reaction for levulose and Tollens’ phloroglucinol 
test for pentose,^ the fermentation test and the phenylhydrazin 
test.*^ In performing the fermentation test the urine was incubated 
in a saccharometer in the presence of bakers’ yeast for 12 to 24 hours 
at 25 ° to 30 ° C. After allowing time for fermentation the Benedict 
test for sugar was repeated to ascertain whether or not the reducing 
substances had disappeared. The osazones formed during the 
phenylhydrazin test were identified under the microscope, and after 
recrystallization the melting point of the crystals was determined.* 

* Dr. C. F. Bailey of the Department of Organic Chemistry of Harvard University 
kindly made the molting point determinations. 



828 


]\u,eble: chronic essential pentosuria 


Case Reports.— Case 1. Mr. L. L., No. 1473, a Jewish drj^-goods 
merchant, consulted Dr. Joslin first on January 14, 1918, at the age of 281 
years. Sugar had been found in his urine at each of several examinations 
performed since its discover 3 ’- in February, 1917. He had been regarded 
as having diabetes- mellitus. He had no complaints other than gljTOSuria. 
His family liistory and past history were irrelevant. Physical examination 
revealed no abnormalities. He remained in the New England Deaconess 
Hospital from January 14 to 25, 1918. During that stay, urinary sugar 
was constantlj’- present in the 24-hour collections of urine, in amounts 
A^arying from 0.1 to 0.4 per cent (1 to 3 gm. per 24 hours). As may be 
noted in Table 1 below, urinary sugar was found even during 2 days of 
complete fasting. 


Table !. — Mn. L. L., No. 1473, Persistence of Mellituria Despite Fasting. 


Dutc. 

I91S. 


Urine. 


Diet per 24 hrs. 

Blood sugar, 
gm. per 100 cc. , 

Diacc- 

tic 

acid. 

Sugar. 

CHO. 

gm. 

P. 

gm. 

F. 

gm. 

Cals 

Per 

cent. 

Gm. in 
24 hrs. 

January 15-16 

0 

0.2 

2 

s. 

20 

6 

482 

0.12 (? time). 

16-17 

0 

0 2 

2 

87 

20 

6 

482 


17-18 

0 

0.1 

1 

41 

13 

3 

243 


18-19 

0 

0,3 

2 

0 

0 

0 

0 


19-20 

0 

0,2 

2 

0 

0 

0 

0 

0.10 (fasting). 

20-21 

0 

0.2 

3 

33 

65 

55 

887 


21-22 

0 

0.1 

2 

33 

65 

55 

887 

0.11 (after eating). 


From 1918 to date he has remained in good health and has had a normal 
weight. He has not restricted his diet except for the avoidance of actual 
sugar, as in coffee. Repeated examinations have invariably shown urinarj^ 
sugar in amounts varjdng from 0.1 to 1.5 per cent. 

On December 9, 1930, routine examination of urine passed before break- 
fast gave the following findings; Specific gravity, 1.017; acid reaction; very 
slight trace of albumin; no diacetic acid; 0.4 per cent sugar; no blood, pus, 
or casts in the sediment. 

Special tests of the urinary sugar gave a negative reaction for levulose 
and a positive test for pentose. Incubation at 25® to 30° C. with bakers’ 
jTast for 12 hours jdelded no gas and the urine reduced Benedict’s solu- 
tion afterward. 'The phen}dhjTlrazin test yielded crj'stals microscopically 
characteristic of pentosazone. After recrystallization, the melting point 
of the crj'stals was 157° to 159° C. 

Case 2.— Mr. C. L. S., No. 6760, Jewish, college student, was first seen 
1)3'^ Dr. Joslin on March 27, 1928, at the age of 20 years. Both grandmothers 
are said to have diabetes. Sugar had been found in the patient’s urine when 
he was 12 3 'ears old and he had been treated as a mild diabetic since then. 
It was stated, that following dietar 3 ’’ treatment in 1920 the urine became 
sugar-free for a time. A positNe test was obtained in December, 1921, 
however, and at almost cA^ery examination since then. 

Wien first seen by Dr. Joslin, the patient complained of chronic headaches 
and lassitude. Hisph 3 'sical examination, howeATr, showed nothingabnormal. 
Examination of the urine showed a slight possible trace of albumin and 
0.4 per cent sugar. His blood sugar was 0.11 gm. per 100 cc. 1 hour after 
supper. On April 2, 1928, several urinary specimens Avere examined ivith 
the following results: 
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Time. 

Specific 

gravity. 

Diacctic 

acid. 

Sugar 
per cent. 

9.30 A.M. (fasting) .... 

. . . 1.019 

0 

0.3 

11.30 A.M. (1 hr. after breakfast) 

. . . 1.018 

0 

0.3 

1.00 P.M. (before lunch) . 

. . . 1.025 

0 

0.4 

2.30 P.M. (1 hr. after lunch) . 

. . . 1.015 

0 

0.2 

4.00 P.M 

. . . 1.019 

0 

0.3 

6.30 P.M. (before supper) 

. . . 1.011 

0 

0.2 

8.00 P.M. (1 hr. after supper) 

. . . 1.016 

0 

0.2 


On June 28, 1928, urine voided 2 hours after lunch gave the only negative 
test for sugar that is listed among 20 entries on the record in tins Clinic. 
Blood sugar at this time was 0.09 gm. per 100 cc. Subsequent examinations 
of the urine and blood (taken simultaneously) are tabulated below. 

Table 2. — Mr. C. S. L., No. C7G0, Urine and Blood Examinations. 


Date. 

Time. 

■Specific 

gra\dty. 

Sugar 
per cent. 

Blood sugar, 
gm. 100 cc. 

August 

14, 1928 

1 hr. after lunch . 

1.035 

0.6 

0.10 

October 

30, 1928 

1 hr. after light lunch 

1.014 

0.2 

0.10 

May 

25, 1929 

5 hrs. after lunch . 

1.030 

0.7 

0.09 

October 

3, 1929 

3^- hrs. after lunch 

1.034 

0.8 

0.09 

December 8, 1930 

Fasting . . . . 

1.012 

0.3 


December 29, 1930 

24 lir. amount . 

1.024 

0.6 



By the sensitive Robert's test a verj’’ slight trace of albumin has usually 
been found in the urine. The urinary sediment always lias been absolutely 
normal, and the blood pressure normal. For the last 2 years the patient 
has felt very well and has had a normal weight. He observes no dietary 
restrictions. 

On December 29, 1930, special examination of the type of urinary sugar 
as in Case No. 1473, gave a negative reaction for le\mlose, a positive test 
for pentose, no fermentation with bakers’ yeast, and, 114111 phenylhydrazin, 
. crystals characteristic of pentosazone. After two recrystaUizations, the 
melting point of the crystals was 160° C. 

Mixing of the pentosazone crystals from the 2 cases produced no altera- 
tion in the previously determined melting point. 

Case 3. — H. T., No. 7995, Jewish, was first brought for examination on 
July 2, 1929, at the age of 7 years. Four years previously a small amount 
of sugar had been found in liis urine. An uncle and an aunt of his father 
were known to have diabetes mellitus (Cases 2864 and 2865, respectively); 
otherwise his family history was negative. He had had pneumonia (when 
2 3 ’^ears of age), jaundice, tonsillitis and measles prior to our first examina- 
tion. Physical examination revealed no findings of note other than pal- 
pable cervical and axillary Ijonph nodes, a systolic heart murmur and a 
palpable liver. The routine blood Wassermann test was negative. He was 
first treated at the New England Deaconess Hospital from July 2 to 10, 
1929. Only one specimen was free from sugar. He was brought for observa- 
tion again in July, 1931, with the report that he had been feeling well and 
for 2 years had lived on a free diet. 

Analyses of urine and blood are summarized in Table 3, page 830. 

On July 29, 1931, he was given 40 gm. of dextrose by mouth and the 
folloMng values for urine and blood sugar noted: 

Urine sugar, Blood sugar,* 

per cent. gm. per 100 cc. 


After J hour 0.5 

After 1 hour 0.4 0.12 

After 2 hours 0.4 0.12 


* Analysis by the micro-method of Folin and Malmros for capillary blood. 
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Tabie 3. — H. T., No. 7995, Uiiine and Bbood Examinations. 




Urine. 


Diet per 24 hrs.‘ 


Date. 

Diace- 

SugELT. 

CHO, 

P. 

F. 


Biood sugar, 
gm. per 100 cc. 


tic 

acid. 

Per 

cent. 

Gm. in 
24 hrs. 

{nn. 

em; 

gm. 

Cals. 

1929. 
July 2-3 

0 

0.5 






0.10 If hr. after supper 

3^ 

0 

0.2 

2 

106 

48 

79 

1327 


4-5t 

0 

0.2 

3 

106 

48 

79 

1327 


5-6 

0 

0.3 

3 

123 

19 

34 

874 


6-7 

0 

0..4 

2 

103 

32 

52 

1008 


7-8 

0 

0.3 

2 

149 

36 

58 

1262 

0.09 1 hr. after lunch 

8-9 

0 

0.2 

1 

201 

35 

55 

1409 

0.08 ^ hr. after lunch 

9-10 

0 

trace 


House 

diet 

with 

sugar 

0.09 1 hr. after lunch 

1931. 

July 27-28 

0 

0.4 


House 

diet 

with 

sugar 

0.06J hr. after supper 
0.06 1 hr. after supper 
0.06 J hr. after breakfast 
0.08 1 hr. after breakfast 

0.09 1 hr. after supper 

28-29 

0 

0.3 


House 

diet 

with 

sugar 

0.08 2 hrs. after supper 
0.08 fasting 









0.15* 11.30 A.M. 


* This blood sugar analysis ivas done by the micro-method of Folin and Malmros 
on capillary blood. 

t Tonsillectomy, July 5th. 


On August 28, 1931, it was found that the urine gave a negative reaction 
for levulose, a positive test for pentose, and no fermentation \tath_ bakers’ 
yeast. Subsequently through the courtesy of Professor Harry Trimble it 
has been established that the phenylhydrazin test jdelds crystals which 
resemble microscopically those of pentosazone. After recrj'stallization, 
the melting point of the cr 3 'stals was 154° C. 

Comment. In 1892 Salkowski and Jastrowitz® reported the dis- 
covery of pentose in the urine of a morphin addict. Since then 
isolated reports of cases have appeared, but in 1926 Rabinowitch^ 
stated that there were less than 50 cases in the literature. Margolis,’ 
in 1929, reAuewed 78 collected cases. The clinical features of the 
condition have been discussed by these authors and by Garrod* 
and Cammidge and Hoivard.® It is recognized to be an asyinjito- 
matic, harmless, metabolic “error” which not infrequently occurs 
in several members of the same family. Published cases have show n 
a particular tendency for occurrence in males and in members of 
the Jewish race.® The amount of sugar excreted is usually small 
(less than 1 per cent) and is independent of the diet. Therapeutic 
measures are unnecessary. 

Fischer and Reiner*® found that after the ingestion of xylose by 
pentosuric children the excretion of pentose in the urine w'as only 
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slightly greater than in the normal controls. Blood sugar curves 
following the giving of dextrose were normal. Dextrose ingestion 
did not increase thei amount of urinary pentose. They found that 
pentose tolerance curves (blood sugar) were the same in pentosuric 
as in normal children. These curves differed from the normal 
dextrose tolerance curves in that the rise came more slowly and was 
longer sustained. There was no increase in the nonfermentable 
reducing substances in the blood of the children with pentosuria. 

The type of pentose excreted has been the subject of considerable 
discussion. In 1900 Neuberg” reported the isolation of d-l-arabinose 
in the urine of a patient in whom Salkowski had recognized the 
pentosuria. Later work, however, particularly by Levene and 
LaForge^“ and Greenwald,^® seems to indicate that the sugar is 
most often d-xyloketose. Our studies do not warrant a statement 
as to the exact type of pentose in our 3 cases. 

No connection between pentosuria and diabetes mellitus has 
ever been demonstrated. It is obviously very important, therefore, 
to recognize such cases in order to reassure the patient, to prevent 
unnecessary treatment and to enable the granting of life insurance, 
if desired. Furthermore, as in 2 of the 3 cases reported in this paper, 
chronic pentosuria may easily be mistaken for renal glycosuria unless 
in all instances of continuous benign mellituria attempts are made 
to identify the type of sugar which is being excreted. 
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THE THERA]?EUTIC EFFECT OF HEMOLYSIS, ESPECIALLY IN 

THE ANEMIAS. 

By C. F. Charlton, M.D., 

PASADENA, CAlilF. 

Destruction of red cells is constantly taking place. The rate or 
velocity is of sufficient proportions to qualify it as a major function 
comparable to respiration. Earlier calculations based on pigment 
(mainly bile) excretion placed it at a billion per minute^ and tlie 
life cycle of the red blood cell at 15 days.^ 

Recent work by ^^ffiipple and associates* indicates that biliary 
pigment may have other sources than blood hemoglobin and, there- 
fore, such a metliod of calculation is probably erroneous. From 
tlieir observations, also confirmed from other points of view, they 
calculate tlie life cycle of the red blood cell to be, under certain 
conditions, more than 100 days. Even on this reduced calculation 
tlie rate of red cell destruction amounts to several billion per dajL 
These figures are impressive and it is strange that the process has 
not had more study. It is of particular importance in its bearing 
on blood regeneration and the development and maintenance of 
immunity. 

Red cell destruction is considered to be a function of tlie reticulo- 
endothelial system. While this system is widely distributed, it is 
concentrated more especially in the lymph nodes, omentum, spleen, 
and liver. The bone marrow is also a prominent depository of 
this system but here tlie fetal function of blood production pre- 
dominates. Aschoff,* who segregated and named the reticulo- 
endothelial system, says, “tlie function of blood destruction under 
physiologic conditions occupies a much more prominent position.” 

This function of blood destruction lags during fetal life and a new- 
born baby has an abnormally high red count, sometimes as high as 
8 or 9 million.* After birth, hemolysis takes place and a hemato- 
genous icterus often appears with the count falling to normal levels. 
A simple and direct explanation of this whole phenomenon is that the 
circulatory changes activate the abdominal portion of the reticulo- 
endotlielial system. This function of regulating blood concentration 
is thus seen to be a very early one in our independent existence. In 
this thesis I wish to enlarge on this function of blood destruction in 
relation to blood reproduction. Evidence has now accumulated that 
hemolysis stimulates new blood formation in conditions of anemia. 

Reticulin is the name given to an hemolytic enzyme e.xtracted in 
70 per cent alcohol from the omentum of the pig.* It has been 
extracted from other organs. Alcoholic extracts of tissues are 
commonly hemolytic (Wells).® It is standardized in hemolytic 
action by titrating with a 2 per cent suspension of red cells. Human, 

♦ For clet.'iils of prcpnrntion the author should bo consulted directly. Ed. noth. 
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sheep, or pig cells serve equally Yvell. That amount of extract 
required to hemolyze 1 cc. of a 2 per cent suspension of red cells at 
37° C. in 18 hours has been taken as a unit. The resistance of the 
red cells is determined by titration with a standard or master 
extract. Three years’ experience with the same extracts has shown 
this method of assay fairly constant and reliable. In alcoholic 
solution there is no appreciable deterioration of the potency of the 
extract. It does deteriorate, however, in watery solution. It 
withstands a temperature of 100° but its action is slowly desti’oyed 
by boiling in water. Calcium chlorid does not suspend its hemo- 
. lytic action, thereby disqualifying it as a soap. Jt is not protein. 

This substance has been in clinical use for more than 3 years. 
Originally it was applied in malignant conditions with palliative 
effects and it was file improvement in the l)lood picture of these 
patients that caused its use to be extended to other conditions. 
A case of pernicious anemia in relapse, who before had required 3 
months to regenerate a normal blood on liver feeding, on biweekly 
injections of reticulin tlie blood count and hemoglobin returned to 
normal levels in a manner similar to the response with liver: 


Table 1. — Response of a Case of Pernicious Anemia in Relapse. 



Liver Response. 

llemotilobin 



Red cells. 

(Sahli). 

Leulcoeytcs. 

May 8, 19:18 . . . 

. . 1,300,000 

37 

2800 

June 1, 1928 . 

. . 2,420,000 

80 

3800 

July .3, 1928 . . . 

. . 4,230,000 

90 

7200 

August 1, 1928 . . 

. . 4,560,000 

95 

0800 


Reticulin Response. 

Hemoglobin ' 



Red cells. 

(Snlili). 

Leukocytes. 

Marchs, 1929 ■ . . 

. . 3,080,000 

85 

2000 

March 24, 1929 . . 

. . 4,880,000 

100 

4800 


Second Trial. 



September 26, 1929 , 

. . 3,040,000 

90 

5400 

October 21, 1929 

. . 4,420,000 

105 

8000 


This specific effect has been confirmed in 2 more cases of pernicious 
anemia; In 2 other cases who rebelled against liver and in whom 
transfusions became necessary, reticulin therapy alone maintained 
the blood at normal levels. The conclusion, then, is that in reticulin 
we have a remedy that may be capable of stimulating the regen- 
erative function equal if not superior to liver feeding. An analysis 
of previous experimental work together with my own investigations 
indicates that the essential action is hemolysis and the active prin- 
ciple is possibly the same in both instances. 

It is entirely logical to predicate blood formation on blood de.struc- 
tion. Duesberg^ has advanced this view as the explanation of ery- 
thropoiesis in pernicious anemia. He considers the liberated hemo- 
globin which is in turn changed to metliemoglobin as the essential 
factor. Before him, McMaster and Haessler® found that injection 

VOI,. 183, NO. 0. — JUNK, 1932 29 
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of hemoglobin stimulates the bone marrow very markedly in dogs 
rendered anemic by bleeding. Minot and associates/® in searcliing 
for the active principle in liver responsible for new blood production, 
found it was extracted in 70 per cent alcohol. They, likewise, 
frequently observed a drop in red count during the first 4 or 6 days 
of its administration indicating, “either an increase in the volume of 
fluid at the point of removal or a destruction of red blood cells.” 
Extraction of several stomach and liver preparations now being 
used as antianemic therapy has yielded an abundance of reticulin 
as demonstrated by the titration method. Fetal calves liver'i has 
yielded the richest extract of any, titrating 256 units to the cc. , 
Thus these antianemic preparations correspond to reticulin in pro- 
cess of extraction and clinical response. 

In some severe secondary anemias, reticulin has not been effective 
until iron was added. This is as reported by investigators with 
liver extracts Apparently the liberated hemoglobin in these types 
is not of sufficient concentration or proper nature to stimulate the 
bone marrow. The pernicious anemia red cell on the otlier hand 
has a relatively rich supply of hemoglobin. 

Table 2. — Eefect of Reticulin in Seconbabt Anemia fbom Stomach Ulceb, 
(Reticulin 50 Units Boveekly.) 



Rod count 
(miUiona). 

Hemoglobin 

(Dare). 

Leukocytes. 

April 0 . . . . 

.... 3.5 

54 

7500 

April 13 , 

.... 3.43 

65 

9000 

April 20 ... . 

.... 4.09 

59 

7700 

April 27 . 

. . . . 3.78 

58 

7500 

(Iron added, ferrous carbonate, 30 gr, p, d.) 
May 1 3.98 

59 

7500 

May S . . . . 

.... 3.85 

60 

7250 

May 15 ... . 

.... 4.18 

04 

7200 

May 22 .... 

4 . 57 

OS 

7000 

May 29 .... 

.... 4.91 

70 

7200 


In the normal person reticulin does not produce a leukocytosis. 
Tliis corresponds to the action on the red cell. In pathologic condi- 
tions the white cell increase is sometimes very striking. In a case of 
lobar pneumonia tire count rose from 30,000 to 134,000 with 94 per 
cent neutrophils following 2 injections of reticulin. In a subacute case 
of agranulocjdic angina the white count rose from 1000 to 14,000, of 
which 84 per cent were neutrophils, with 2 injections of reticulin. 
On thi'ee subsequent tests a rise of leukocytes followed reticulin 
therapy in this case.* 

Case Report. Carcinoma of prostate in a man, aged 84 j’ears, post- 
operative, with perineal and superpubic fistula;. Reticulin G4 units 
biweekly. 

There was a corresponding improvement in the clinical condition and the 
fistula; healed promptly. The leukocsdic increase is thus seen to vary as to 
tyjie in different conditions and usiiall,v fluctuates considerably. 

* This higlily interesting case will ix* reported in detnil Er. Andrciv Bonthius. 
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Table 3. — EfVect of Reticulin in Cakcinoma. 


i 

i 

i 

Bed 

count, 

miH’ns 

j 

Hb. 

i 

1 

i 

Leuk. 

Lymph,' 

Nciitro 

! ; 

Large : 
mono. 1 
and 
trans. i 

Baao. 

December 22, 1930 . . | 

2.37 

! 

47.4 

9,250 

22 

71 

10 i 1 


Reticulin commenced; 






1 ; 


December 24, 1930 . 

i 2.53 

47.4 

19,200 

37 

53 

7 i .. 

3 

December 27, 1930 . . ^ 

1 2.18 

50.0 ! 

1 17,750 

32 

58 

5 I 3 

2 

.January 10, 1931 . 

: 2.95 

{ 1 

56.2 

1 9,000 

t i 

40 

59 ! 

1 1 : 



The immediate effect of hemolysis is to liberate hemoglobin. 
The pyrrol nucleus of the bile pigment, bilirubin, is derived in part 
from this hemoglobin. The residue or protein fraction (globin) 
must go to augment plasma protein. Kerr, Herwitz, and Whipple^® 
in performing plasma depletion experiments observed a marked 
hemolysis in tlie course of plasma regeneration. In the clinical 
use of reticulin there is evidence of an increase of Ijnmph. A lympha- 
tic edema has been observed in arthritis cases where there was 
irnmobilization of the legs. There is an increased discharge of serous 
fluid from open wounds following its administration. In malignant 
cases, with invasion of lymphatic glands, an extreme lymphatic 
edema distal to the blockage very promptly appeared in numerous 
instances. These plasma proteins probably participate in antibody 
formation and, therefore, they become a most important subject for 
study,^^ 

Clinical evidence indicates a stepping up of immunity by this 
form of therapy. 

Case Report. A patient experienced successive crops of boils on the 
neck for a period of more than 2 months. Hot dressings and stock vaccine 
therapy were used with slight benefit. A reddened tender area appeared 
on the back of the hand at the level of the coat sleeve. A similar lesion 
appeared on the side of the neck where the collar rubbed. Reticulin, 64 
units, was given and the patient 8 hours later experienced a mild chill. 
Next day an edema in the form of a wheal had appeared about both lesions 
and the color changed to a light brown. This was followed by two or three 
points of necrosis in the center of the wheal and copious suppuration then 
set in. Healing was complete in 10 days. 

This reaction at the location of infection corresponds to the 
description of Arthus’^® phenomenon which is considered an immun- 
ity reaction or a local reaction to antigen in a sensitized animal. 
The hemolysis by reticulin apparently liberated additional immune 
substances. Kyes^® and Cary^^ have observed antibody production 
to lie most abundant where hemolysis is taking place. Portis^® has 
observed a severe drop in antibody production in rabbits following 
the removal of the omentum. There is, moreover, abundant experi- 
mental evidence to indicate tliat the reticulo-endothelial system is 
active in the production of immunity.^® In connection witli the 
case cited, Klinge®® was able to retard the appearance of the Arthus 
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phenomenon for 48 hours by first blocking the reticulo-endotlielial 
system witli injections of trypan blue in the sensitized animal. 

Other substances liemolytic in action have been used therapeu- 
tically, snake venom=^ and lead for example. Their extensive use, 
however, has been restricted by their toxicity. Malarial inoculations 
should be considered in this category. Hemolysis rather than the 
febrile reaction may be tlie essential factor here. 

Summary. 1. An alcoholic extract of the omentum and certain 
otlier organs yields a nonspecific heraol;y'tic enzyme whicli has been 
given the name “Heticulin.” 

2. This e.xtract is standardized by titration witli a 2 per cent 
suspension of red blood cells. 

3. It is administered hj^odermically after evaporating the alcohol 
and substituting sterile water. 

4. No serious toxic effects have been observed. 

5. It stimulates the regeneration of botli the cellular and non- 
cellular elements of the blood under certain conditions. 

6. This hemolytic therapy heightens the immunologic response 
and increases the sensitivity of the host to bacterial protein (allergy). 
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DIAPHRAGMATIC TIC RELIEVED BY SECTION OF PHRENIC 

NERVES. 

Report of Two Cases. 

By Hugh Smith, M.D., 

GREEmULLE, S. C. 

Varied and often bizarre disturbances of the respiratory rhythm 
occurring as complications of epidemic encephalitis have been re- 
ported by many observers. The 2 cases to be described are unusual if 
we can judge by tlie fact that only 4 cases, controlled by phrenicot- 
omy, have been reported in recent literature.^ ■ Smith® in a 
paper published in 1926 on the respiratory disturbances of enceph- 
alitis described a case seen in 1923 which must have been similar 
to the ones the author is reporting. Phrenic section had not been 
suggested at that time and his patient was not relieved. 

Welchsler® defines a tic as “A sudden, abrupt, rapid, involuntary 
contraction of a muscle or a group of functionally related muscles. 
It is generally clonic, but if the movements follow in very rapid 
succession the contractions may become more or less tonic. Every 
tic has what seems to be a functional pattern or an ideational pur- 
pose, although it may appear in exaggerated or even grotesque 
form Like most abnormal movements, tics are aggra- 

vated by emotion and cease during sleep.” He also says “I would 
merely urge that one pause considerably before attaching a label 
of hysteria to an involuntary movement just because it follows a 
pattern.” 

Case Reports. Case 1 . — Miss B. W., white, single, aged 20 years, was 
seen first in consultation with Dr. M. C. Smith of Simpsonville, S. C., on 
Fel^ruary 1, 1928. Her mother, father, several brothers and sisters are well 
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and hardy people engaged in farming. There is no neurologic taint on 
either side. She had influenza twice, 1918 and 1919, and there were no 
complications. She has had no illness since that could be considered influ- 
enza or even suggestive of epidemic encephalitis. The histo:p^ of the present 
illness is given in some detail because of the possible relationship between 

repeated intestinal obstructions anc " V ’ tic. In October, 

1926, she w^as operated on for acute ■ . veeks later rapidly 
formed adhesions caused an acute intestinal obstruction requiring the second 
operation. Until March 10, 1927, she was well, developing on this date 
her first respiratory distress, characterized by a very rapid, jerking sort of 
hiccough at a rate of 100 a minute. This lasted without let up except when 
asleep until April 13 when it subsided spontaneously. There was no similar 
distress until naid-August when she had a second attack lasting about 12 
hours. She was then well until November, 1927, when she became ob- 
structed for the second time, requiring a third abdominal operation. Con- 
valescence was storm}'-, but after 3 weeks she returned home and progressed 
nicely. On Januar}' 23, 1928, the third attack of diaphragmatic spasm 
occuped. Tiiis had lasted a week when I saw her at home. The patient 
was in bed, obviously distressed and rather exhausted by a most harassing 
respirator}' tic. There was no visible thoracic breathing, though she was 
apparently breathing rapidl}'- and jerkily with a sort of grunt that could 
be heard throughout the house. This was at a rate of 90 a minute and with 
each grunt the lower borders of the ribs jerked rhythmically. The lungs 
were negative on examination and normal thoracic breathing could be done 
voluntarily, but during a full inspiration the rapid jerk continued and could 
be felt in the epigastrium. The heart was re^lar at 86, and was normal. 
Blood pressure was 105 systolic and 70 diastolic ; the temperature 98®. The 
ne.xt da}' she was brought to a hospital for obsen'ation. There several 
specimens of urine varied from neutral to alkaline to litmus and were other- 
wise negative. Routine blood counts, smears and a blood Wassermann 
were negative. Fluoroscopic examination showed the right diaphragm 
to be more actively involved in the spasm than the left. The right was 
almost tonicaOy contracted and showed a veo' rapid flutter s}'nchronous 
with the grunt. The left side showed some jerkiness but was e^^dently 
not involved as was the right. In view of the fact that two other similar 
attacks had subsided spontaneously she was kept under observation for a 
second week. The tic persisted at a rate from 90 to 1 10 a minute. It would 
subside when she could be put to sleep, which proved very difficult, requiring 
large doses of morphin with scopolamin to quiet her for 3 or 4 hours. During 
sleep so induced there was no apparent disturbance of the respiratory 
mechanism, but the instant she would awake the tic returned. 

■ After 2 weeks of persistent distress it was decided to section the phrenics 
to control the spasm as recommended by Gamble et al. and by Donman. 
On February 6, Dr. Cowman saw the patient and promptly concurred in 
this plan. He then exposed the right ptoenic under novocain anesthesia 
and proved it by faradic stimulation, which produced a severe pain in the 
right scapular region, repeating the observation previously reported by 
him. The nerve was then frozen wliite for about an inch with a spray of 
ethyl clilorid. The tic stopped so abruptly as to be dramatic and the respira- 
tions immediately became normally thoracic at a rate of 22 a minute. It 
having thus been proved that the attack involved only the right diaphragm, 
the nerve was then divided and the free ends dropped into the wound. 
Fluoroscopic examination after this operation showed the right diapiiragm 
elevated and almost immobile. Three days later slio was .allowed to return 
home breatliing perfectly comfortably. 

On lilarch 1, just 3 weeks after the phrem'cotomy, she was brought b.ack 
to the hospital wth the tiiird intestinal obstruction, which was again 
relieved b}' freeing the bands of dense adhesions. On March 13, while 
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convalescent from the last abdominal operation, there suddenly appeared 
a spasm of the left diapliragm with a tic averaging 140 a minute, identical 
in eveiy respect with the others except that fluoroscopic examination showed 
this one to involve the left side and that the right diaphragm was still 
paralyzed.. After waiting 4 days for this attack to subside, we decided to 
freeze the left phrenic, which was done on March 17, by Dr. T. B. Reeves 
of Greenville. Promptly on freezing the left nerve the tic ceased and the 
patient became comfortable, but unfortunately tliis lasted only 48 hours 
when the tic reappeared at a rate of 100 to 110. March 20, the left phrenic 
was again exposed through the same wound and this time about 5 cm. 
removed. After cutting the nerve at the same point where freezing it 2 
days before had controlled the tic, we were surprised when the spasm only 
partly subsided. After searcliing a few minutes a small branch higher up 
was found and when this was cut the tic disappeared instantly. For an 
hour or 2 the patient complained of some vague distress on breathing, but 
the respirations were regular, normally thoracic and appeared comfortable. 

In September, 1928, the patient was observ'^ed and at this time she seemed 
well and had gained 20 pounds. There was no respiratory distress and none 
had occurred since the operation on March 20. Constipation was a problem 
and she was taking 2 ounces of castor oil dailJ^ On fluoroscopic examination 
the right diaphragm was found functioning normally and the left still out. 
It is of interest to note that the right phrenic had regenerated within a 
period of 7 months after section. 

_ Tlie patient was next seen in December, 1929, when the fourth obstruc- 
tion by adhesions occurred. There had been no attacks of diaphragm spasm 
now for 20 months. At operation the entire right lower abdomen was filled 
with adhesions involving the lower end of the ileum, the cecum and the 
ascending colon. The obstructing bands were released and the patient 
relieved. On December 19, 10 days after this operation, the diaphragmatic 
tic again appeared, identical with the other attacks and averaging about 
90 a minute. We found this time that the right side was involved and the 
left still paralyzed. On December 23, the right nerve was exposed, requiring 
some little search because of scar tissue and the fact that it was smaller 
than originally. The nerve was then avulsed with prompt control of the 
tic. She was discharged December 30, but on January 3, 1930, she was 
brought back with the fifth obstruction. At this time it was decided to do 
a more radical operation and the last free portion of the ileum was anasto- 
mosed to the descending colon. Convalescence was uneventful and the 
patient discharged in better health than I had ever seen her. Unfortunately 
the patient did not continue to improve but developed an intractable 
diarrhea a few months later and died. She suffered no respiratory distress 
during the time that she lived after both phrenics were resected, though 
she was never ver}'^ active because of the diarrhea. 

Case 2.— Mrs. R. F., white, married, aged 21 years, was seen at her home 
in consultation with Dr. L. L. Richardson of Simpsonville, S. C., on January 
1, 1929. This patient lived on a neighboring farm near the first case, though 
both families assured me that she had never seen the other girl during an 
attack. The story here is different and is quite in line Mth the 4 cases 
previously reported. Three weeks before I saw this patient she had a mild 
attack of influenza from which she had apparentlj'- recovered until 3 or 4 
days before, when she became very restless, complained of headache and of 
double vision, and a moderate fever reappeared. During the morning of 
January 1, she suddenly developed a diapliragmatic tic identical with that 
described in the first case. The mother of my first case made the diagnosis 
here before I saw the patient. Here the rate average 120 a minute and 
presented the same rapid, jerking, grunting spasm as described above. 
In this patient we have a definite attack of epidemic encephalitis with the 
onset of the tic on the third or fourth da3’' of the disease. Slie was observed 
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for 4 diays, during wiiicli time tlie sj'inptoms of encephalitis became more 
pronounced and tlie tic continued. It was difficult to get this patient to 
sleep, but as in the first case, during sleep the respirations were normal. 
Except for the neurologic evidences of the encephalitis all e-xaminations 
were negative. Two urine specimens were reported slightlj'" acid to litmus. 
The following day she was brought to the hospital where fluoroscopic 
examination showed the right diaphragm to be more actively involved in 
the tic. 

On January 5 the right phrenic nerve was e.vposed and its control of the 
tic proven bj”^ freezing with eth 3 d chlorid, after which it was cut in two and 
both ends dropped into the wound. The patient had no further respiratory 
distress and vdthin a week she was better so that she was discharged. 

Three months later the tic reappeared, though now it occurred only 
ever}^ 3 or 4 weeks and lasted a few hours. She was seen at the office soon 
after this and the fluoroscopic examination showed that the right diaphragm 
was again functioning no^maIl 3 ^ Here the right phrenic had regenerated 
within 3 months after section. At this observation definite ps 3 Thic changes 
were noted and these were regarded as the result of the epidemic encephalitis 
4 months before. These infrequent attacks occurred onl 3 ’' a few times and 
on each occasion seemed to be precipitated by some emotional flurry. For 
the past 6 months she has had no attacks and has seemed to be in much 
better health. 

Summary. Two cases of diapliragmatic tic relieved b 3 ' section 
of the phrenic nerves are placed on record. 

These cases confirm several observations made b 3 '’ the other 
autliors: (1). In Case 1, Dowman repeated his observation that 
faradic stimulation of the proximal end of the sectioned phrenic 
produces pain in the scapular region. (2) Case 1 , showed a neutral 
to alkaline urine, probably due to overventilation with elimination 
of alkali in the urine as suggested b.y Gamble ef al. (3) Case 1, 
required resection of both phrenics for final control, confirming 
Skillern’s obser\’ation tliat freezing or section was onl}'" of temporary 
value. 

The phrenic nerve regenerated in botli cases after section, within 
7 months in the first case and 3 montlis in the second. 

Both patients "were 3 'oung women living on neighboring farms. 
One patient developed the tic during a definite attack of epidemic 
encephalitis, while in the other and more distressing case no histor 3 " 
of an illness that might be consider epidemic encephalitis could be 
obtained. The inevitable diagnosis of h 3 ^steria had been made in 
the first case b 3 ' several consultants before the condition was recog- 
nized. 
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THE RELATION OF THE SYMPATHETIC NERVOUS SYSTEM 

AND GENERALIZED LYMPHOID HYPERPLASIA TO THE 
PATHOGENESIS OF EXOPHTHALMIC GOITER AND 
CHRONIC LYMPHATIC LEUKEMIA. 

By'- Harry” B. Friedgood, A.B.,M.D., 

INSTRUCTOR IN INTERNAL MEDICINE, UNIVERSITY OF MICHIGAN, 

ANN ARBOR, MICH. 

(From the Department of Internal Medicine, University of Michigan.) 

Similarity of Exophthalmic Goiter and Chronic Lymphatic Leukemia. 
Exophthalmic goiter and chronic lymphatic leukemia are particu- 
larly characterized by an elevated basal metabolic rate. In no other 
condition, except chronic myeloid leukemia, is the incidence of this 
disturbance so high. 

This similarity may be especially significant because Lugol’s 
solution ’induces a strikingly similar clinical remission with reduc- 
tion of the basal metabolic and pulse rates in certain patients with 
chronic lymphatic leukemia and Graves’ syndrome.^ This paral- 
lelism is still more obvious in a study of the pathologic physiology 
and salient clinical signs and symptoms which have been univer- 
sally associated with these maladies. 

Clinical Features. The classic symptoms of exophthalmic goiter 
are remarkably similar to those of chronic lymphatic leukemia,'* 
although they are usually much less intense in leukemia even in 
the presence of an equally elevated basal metabolic rate. Acute 
exacerbations and remissions in exophthalmic goiter have been 
widely recognized, while Minot and Isaacs'* have more recently 
emphasized a similar phenomenon in the chronic leukemias. 

The eye signs, which have been considered classic of exophthalmic 
goiter, are most probably manifestations of a hyperactive sympa- 
thetic nervous system.®’**'*’’^’* Their widespread prevalence in 
conditions other than Graves’ syndrome has been recently reported 
by Friedgood.**’ The relative frequency of these eye signs in chronic 
lymphatic leukemia is probably of similar signifieance. 

Ocular phenomena were detected in 6 of 10 patients with chronic 
lymphatic leukemia; while several had as many as three different 
eye signs. 

Table 1. — Ocular Phenomena in Chronic Lymphatic Leukemia. 


No. patients 

Sign. positive. 

Unilateral prominence of right eye .... .... .5 

Bilateral exophthalmos . . . .... .4 

von Graefe’s sign .... 2 

Kocher’s sign 2 

Dalrymple’s sign ... . . 2 


Palpable splenomegaly and generalized lymphadenopathy are 
accepted and widely recognized physical findings in chronic lym- 
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pliatic leukemia. However, their prevalence in exophthalmic goiter 
is not generally recognized. 

The spleen is definitely enlarged at autopsy in exophthalmic 
goiter, “’ 12 .13 .14 .15 .16 even to the point where one may detect it clin- 
ically by palpation and percussion in about 20 to 30 per cent of the 
cases.i’’^®.“ Sainton and Emond^® were unable to detect a spleno- 
megaly in 22 control patients with simple endemic goiter. 

Numerous investigators have also pointed out the prevalence of 
generalized lymphoid hyperplasia which can be detected clinically 
in the regional lymph nodes oj the neck,i^’^-'”.=“'2i and in the pharyn- 
geal, faucial and lingual tonsils.*® 

It is probably significant, in the presence of this widespread 
splenolymphatic hjTierplasia, that certain authors have reported a 
relative as well as an absolute lymphocytosis in 30 to 67 per cent of 
patients with Graves’ syndrome.®® 

Plummer®® could not detect any relationship between the degree 
of mononucleosis, the height of the white blood cell count and the 
severity of symptoms; but Menkin®* has recognized that mono- 
nucleosis is more likely to occur in association with exophthalmos 
and evidence of a hyperactive sympathetic nervous system. 

Pathologic Features. The pathologic anatomy of exophthalmic 
goiter is no less striking than its clinical signs and symptoms. As 
far as is now known there is only one pathologic finding which has 
been universally reported in Graves’ syndrome; but others of occa- 
sional or frequent occurrence are probably also significant. 

Although small foci of Ijmphoid tissue can be occasionally demon- 
strated in normal thyroid glands,®® •®*'®®'*® extraordinary lymphoid 
hyperplasia with the development of well formed germinal centers®®' 

30,31,11,12,32.26,34,35.36,37.38.3!I,40,20,2I,I5.41.42.« jg aU almOSt COUStaUt patllO- 

logic change in the th^Toid gland of exophthalmic goiter. • 

Apparently there is no essential difference in the basal metabolic 
rate between those cases showing extensive epithelial and lymphoid 
hyperplasia and those having only lymphoid hyperplasia.'*® In 
many of the latter, the basal metabolic rate was recorded as high 
as -j-lOO per cent. 

It is even more significant that these changes in the thjToid are 
only a part of the generalized increase in lymphoid tissues through- 
out the body, involving the regional lymph nodes, especially of the 
neck and the pharyngeal, faucial and lingual tonsils. Scattered 
foci of lymphoid cells also occur in nests throughout the viscera 
and especially in the kidneys, muscles, liver and even in the bone 
marrow; while Peyer’s patches and the solitary follicles of the intes- 
tines are also imb-ersally hyperplastic.®®'®®'®*'*'''®'®*'*®;'*'*®'®®'*®'*®'^*'®®;®* 
The splenomegal.y which is often found at autopsy in e.\'ophthahnic 
goiter {ride supra) is also marked by a generalized lymphoid hyper- 
})lasia with enlargement of the jMalpighian corpuscles. The latter 
are characterized by that type of lymphoid exhaustion which War- 
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thin recognizes as a fundamental constitutional disturbance in 
exophthalmic goiter (thymicolymphatic constitution). 

It is, of course, well known that the thymus is also abnormally 
enlarged and persistent in the great majority ' of patients with 
exophthalmic go iter. .13,39,20,47 

In general, the changes in the thymus are supposed to parallel 
those in the other lymphoid tissues of the bodj'', and MacCallum 
states that “ descriptions of the histologic changes are most contra- 
dictory, but it seems that they may represent an accentuation of 
the condition corresponding to the age at which the disease devel- 
oped.” 

Significance of Lymphoid Hyperplasia in Graves’ Syndrome. 
Although pathologists have been cognizant of this widespread 
lymphoid hyperplasia in exophthalmic goiter, its general import- 
ance has not received sufficient attention, because of the veil of 
mystery which seemed to shroud its specific significance in the 
pathogenesis of the malady. However, the fact that Lugohs solu- 
tion has a strikingly parallel effect in two diseases, both character- 
ized by a specific and similar disturbance in the lymphatic system 
and rate of oxygen consumption, suggests that there may be a funda- 
mental disorder common to both, and responsible for the remark- 
able similarity in their clinical signs and symptoms. 

The Sympathetic Nervous System. The relation of the sympathetic 
nervous system to the pathogenesis of exophthalmic goiter has 
been the object of investigation and interest for many years. Numer- 
ous observations have been attempted to determine the effect of 
experimental stimulation and resection of these ganglia and nerve 
trunks; but a satisfactory interpretation of these results has not 
been forthcoming, and the question is still sub judice. 

The cervical sympathetic ganglia of exophthalmic goiter have 
received particular attention by Greenfield,^® Wilson,^® and Wilson 
and Durante.®® Greenfield found a subacute inflammatory lesion, 
characterized by swelling and hyperemia, in addition to leukocytic 
infiltration and subsequent degenerative changes of the cervical 
sj'-mpathetic ganglia. The central nervous system (especially the 
medulla oblongata) was also found to be involved in a similar 
process. Wilson and his colleagues, however, were impressed with 
the degenerative changes in these ganglia, and called attention to 
fatty deposits within the ganglion cells, atrophy and reduction in 
their number and a diffuse fibrosis of the entire ganglion. 

These changes in the cervical sympathetic ganglia of patients 
with exophthalmic goiter are certainly of immediate interest in a 
syndrome which is characterized by such marked evidence of auto- 
nomic imbalance.®^'®®’’® The problem seems well worthy of further 
invekigation from this point of view. 

The Pathology of Chronic Lymphatic Leukemia. The important 
pathologic findings of chronic lymphatic leukemia haA^e lieen stud- 
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iecl extensively, and are well recognized. Even a superficial com- 
parison of the latter with the pathology of exophthalmic goiter 
reveals the striking similarity which seems to exist between the two. 

The immediate and obvious difference is almost purely a quanti- 
tative one — the lymphoid and splenic lesions being much less exten- 
sive in exophthalmic goiter than in chronic lymphatic leukemia. 

In lymphatic leukemia, there is usually a generalized lymph- 
adenopathy with enlargement of the solitary nodules and agminated 
lymphatic tissue in Peyer’s patches. The liver, kidneys, lungs and 
bone marrow may also be well infiltrated with lymphocytes. The 
spleen is usually easily palpable, and the Malpighian bodies, as in 
Graves’ syndrome, are enlarged. In lymphatic leukemia, however, 
the hyperplastic lymphoid tissue disturbs the normal architecture 
of the stroma, so that the pulp is somewhat distorted but still 
discernible. 

Chronic lymphatic leukemia has been reported without the pres- 
ence of enlargement of the spleen or regional lymph nodes.*®'*^ The 
French speak of this as “forme medullaire de la leucemie lymph- 
tique chronique.” Bensis and Gouttas®'* quote cases from Walz, 
Pappenheim, Konmoezy, Dennig, Naegeli and Aubertin Charles, 
and report two new instances. 

Various investigators disagree concerning the changes in the 
thymus in chronic lymphatic leukemia. Thorpe,®® DeSautelle and 
Wood,®® and Poensgen®^ have reported isolated cases of thymic 
hypertrophy associated with chronic lymphatic leukemia; while 
Ordway and Gorham®® state that “the thymus gland is usually 
large, and may even show tumor-like nodules and infiltration of the 
surrounding tissue. Histologically, the change is comparable to 
that found in the lymph glands.” However, Ewing,®® Margolis,®® 
and Schridde®' state that in their experience true thymic hyperplasia 
is either rare or absent in chronic lymphatic leukemia. The 
researches of Williamson and Pearse,®® and Blackford and Freligh''® 
suggest that the changes in the thymus gland are more closely 
related to those in the thyroid gland in particular, rather than to the 
hyperplasia of the lymphoid structures in general. 

Noteicorthy ^^(lriations. Tire presence of lymphocytosis is 
expected in chronic lymphatic leukemia, but the remarkable occur- 
rence of aleukemic phases is of interest, because they are found in a 
disease which may be characterized by the absence of other salient 
clinical and pathologic phenomena, such a,s lymphoid hyperplasia, 
splenomegaly, ele^•ated basal metabolic rate and tachycardia. 
The significance of these departures from the usual type of syn- 
drome is unknown at the present time. 

A similar state of affairs exists with regard to e.xophthalmic goiter, 
because such characteristic phenomena as increased basal ox\’gen 
consumption, lymphocytosis, tachycardia and exophthalmos may 



friedgood: sympathetic nervous system 


845 


be absent in the presence of an otherwise ty])ical clinical syndrome. 
The discovery of the mechanism and significance of these interesting 
variations will undoubtedly lead to a better understanding of the 
pathogenesis of Graves’ syndrome and chronic lymphatic leukemia. 

The Physiology of the Sympathetic Nervous System. The pre- 
dominance of the signs and symptoms of, sympathetic nervous 
system hyperactivity in these maladies suggests that this system 
plays a role of paramount importance in their pathogenesis. It is 
not known whether this fundamental disturbance involves the 
central or pe/’ip/iercd connections of the sympathetic nervous system, 
but the subjective and objective manifestations of its hyperactive 
state are well recognized . The subjective phenomena include various 
types of nervousness, palpitation and emotional instability. The 
objective signs are expressed in terms of its influence on tonicity 
of musculature (tremor), cardiac rate (tachycardia), secretions of 
sudoriferous glands (sweating), the ocular manifestations (exoph- 
thalmos, lid-lag, lid-spasm, Dalrymple’s and Kocher’s eye signs) 
and vasomotor instability. 

The Sedative Action of lodin. lodin appears to have a striking 
ability to induce a remission in the signs and symptoms of this 
sympathetic hyperactivity. The depression of the general emo- 
tional instability and the relief from the tachycardia, sweating and 
vasomotor phenomena suggest that iodin has a “ selective sedative 
action” on the sympathetic nervous system. 

' The concomitant decrease of the basal metabolic rate, following 
iodin therapy in certain instances of exophthalmic goiter and chronic 
lymphatic leukemia, may signify that at least a portion of the 
mechanism responsible for its elevation is exerted through the 
sympathetic nervous system, and that its depression is also accom- 
plished by the “selective sedative activity” of the iodin. It is, of 
course, quite possible that this metabolic disturbance is secondary 
to various influences, only one of which responds to what one may 
term the “sedative action” of iodin. To a certain extent, this may 
explain the modus operandi of tliose cases in both maladies whicli 
do not respond to Lugol’s solution in the expected manner. 

This conception assumes even greater significance if one con- 
siders that increased nervous tension, secondary to any cause what- 
soever, is frequently responsible for a definite elevation in the basal 
metabolic rate; and that the effect of epinephrin, an activator of 
the sympathetic nervous system (palpitation, tremor, tachycardia, 
vasomotor and emotional instability) is characterized by a transient 
but nevertheless significant elevation of the basal metabolic rate.''’^-”*' 

n5,r)G,f,7,C8,69,70,71,72 

Discussion. The Relation of the Thyroid Gland to Exophthalmic 
Goiter. If the Merseburg triad of exophthalmic goiter is present in 
association with an increased basal metabolic rate and the peculiar 
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nervous manifestations of the disease, the pathologic changes in 
the thyroid gland may be those of a diffuse parenchymatous hyper- 
plasia with marked diminution of the colloid substance. 

The more striking syndrome, however, includes those instances 
in which marked symptoms of exophthalmic goiter occur in associa- 
tion with either a normal thyroid gland or an altered thyroid with- 
out evidence of 

20,21,43 

Speaking of those instances in which the thyroid is normal in 
association with an abnormally persistent and hypertrophic thymus, 
Klose and Hellwig^® go so far as to write “wir sehen in diesem Fall 
einen erneuten Beweis fiir das Vorkommen eines rein thymogen 
Basedow, ohne spezifische Schilddriisen Veranderung.” 

Furthermore, it has been generally disregarded that many other 
diverse lesions (syphilis, miliary tuberculosis, extensive hemorrhage, 
ligneous thyroiditis, inflammatory changes, neoplasm) have been 
discovered in the thyroid gland in association with exophthalmic 
goiter and that the sjmdrome has been reported accompanying 
such acute infections as typhus fever and acute articular rheumatic 
fever.^^-®^'"® 

ICocher®^ said “ it has been difficult for those who have examined 
large series of cases and also for those who see a great deal of other 
diseases of the thyroid gland, to accept the above mentioned changes 
(proliferation of epithelium, which assumes the cylindrical type, 
the liquefaction of colloid, etc.) as being specific for exophthalmic 
goiter. We find the same enlargement of follicles with formation 
of papillse and high cylindrical cells, together with the decrease in 
thick colloid, in glands of normal size, in hypertrophic as well as 
nodular goiters, without the slightest symptoms of exophthalmic 
goiter.” 

Hyperplasia of the Thyroid Gland in Myxedema, Endemic Goiter 
and Postoperative Subtotal Thyroidectomy. Further evidence against 
the specificity of thjToid hyperplasia for exophthalmic goiter may 
be inferred from the fact that it is not essentially different from that 
found in certain instances of animal and human myxcdeina,^'^'^'^^-^- 
endeviic goiter^^ and following partial 

Relation of lodin to the Thyroid Gland. The significance of these 
observations becomes even more apparent if attention is directed 
to the relation of iodin to the histologic architecture of the thyroid 
gland, and its ability either to prevent the occurrence of postopera- 
tive compensatory hyperplasia and the hyperplasia of endemic 
goiter, or induce their involution to the colloid state.®®’®® These 
investigators have finally concluded that all thyroid hyperplasias 
are anatomically, chemically, and biologically identical, and second- 
ary to a relative or absolute iodin deficiency. - 

Extensive investigations by Kocher,-® Cattell,'’® Rienhofi,^^ 
Giordano,'*" Sager, •*' and Holst and Lundc"" have demonstrated 
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that the therapeutic use of iodin causes a process of involution to the 
colloid state in hyperplastic thyroids from patients with Graves’ 
syndrome, similar to that reported by Marine and his co-woi’kers 
for endemic goiter. 

HyperplaMO-Hy'perthyroidism Theory and an Alternate Conception. 
These data render it obvious, therefore, that the theory of a hyper- 
thju-oidism secondary to and dependent upon hyperplasia of the 
thyroid gland is not entirely adequate to explain the nature and 
pathogenesis of Graves’ syndrome. 

Tliere is a natural tendency in medicine to classify a group of 
clinical syndromes according to their salient clinical characteristics, 
if their etiology is obscure. 

Chronic lymphatic leukemia and exophthalmic goiter likewise 
appear superficially to be wholly unrelated clinical syndromes. 
However, a more careful investigation indicates that a striking and 
fundamental parallelism exists between these two syndromes. 
Both maladies are characterized by an elevated basal metabolic 
rate and by the obvious signs and symptoms of an hyperactive 
sympathetie nervous system (relative tachycardia, tremor, abnormal 
sweating, emotional and vasomotor instability, exophthalmos and 
associated eye signs) . Generalized lymphoid hyperplasia and spleno- 
megaly occur in both diseases; and lymphocytosis is recognized 
as a typical change in the peripheral blood eirculation. All of these 
phenomena differ only in a quantitative manner. 

The evidence of sympathetic nervous system hyperactivity is 
much less intense in chronic lymphatic leukemia, even in the pres- 
ence of an equally elevated basal metabolic rate; but the lymphoid 
reaetion is less conspicuous in Graves’ syndrome. 

The available data suggest that the signs and symptoms of both 
chronic lymphatic leukemia and exophthalmic goiter are expressed, 
in varying degrees, through the hyperactive state of the sympathetic 
nervous system. 

The influence of iodin upon the pathologic physiology of the 
sympathetic nervous system is usually of a sedative character, but 
may act as a stimulant under conditions which are unknown at 
present. 

The intimate and frequent association of generalized lymphoid 
hyperplasia, clinical manifestations of sympathetic nervous system 
hyperactivity and elevated oxygen consumption may be of more 
than casual significance. 

Summary and Conclusions. Lugol’s solution has a strikingly 
parallel effect upon the clinical phenomena of exophthalmic goiter 
and chronic lymphatic leukemia; and, conversely, does not amelior- 
ate the signs and symptoms of true hyperthyroidism induced by 
the ingestion of active thyroid substance.^ These facts, in addition 
to the similarity which exists between the clinical picture and pathol- 
ogy of chronic lymphatic leukemia and exophthalmic goiter, indicate 
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that these maladies are primarily independent of thyroid dysfunc- 
tion. Exophthalmic goiter is probably not due to a hyperthyroid- 
ism, and its elevated basal metabolic rate and tachycardia seem to 
be independent of a hypothetical hypersecretion from a hyperplastic 
thyroid gland. 

The sympathetic nervous- system and the lymphatic system play 
a significant role in the pathogenesis of exophthalmic goiter and 
chronic lymphatic leukemia; and the effect of iodin is probably 
intimately related to the pathologic physiology of the sympathetic 
nervous system. 

BIBLIOGRAPHY. 

1. Friedgood, H. B.: J. Clin. Invest., 1931, 10, 173. 

2. Friedgood, H. B. : Am. J. Med. Sci., 1932, 183, 515. 

3. Minot, G. R., and Means, J. H.; Arch. Int. Med., 1924, 33, 576. 

4. Minot, G. R., and Isaacs, R.: Boston Med. and Snrg. ,1., 1924, 191, 1. 

5. MacCallum, W. G., and Cornell, AV. B.; Med. Nen-s, 1904, 85, 732. 

6. Harling, T.: Ztsclir. f. rationelle Med., 1805, 24, 275, 3 R. 

7. Sappey, C.; Bull Acad, dc Sciences do Paris, 1807, 65, 675, 

8. Prevost, J. L., and Jolyet, F.: Arch. gen. de mcd., 18GS, 1, 104. 

9. Friedgood, H. B., and Bo 5 'den, A. M.: Experimental Exophthalmos and its 
Relation to the Pathogenesis of Exophthalmic Goiter, Proc. Central Soc. Clin. 
Research, Nov. 1931. 

10. Friedgood, H. B, : Am. J. Med. Sci.. 1930, 180, 836. 

11. MacCallum, W. G.: J. Am. Med. Assn., 1907, 49, 1158. 

12. MacCallum, W. G.: A Textbook of Pathology, 3d Ed., Philadelphia, W. B. 
Saunders Company, 1924. 

13. Foster, N. B.: Nelson Loose-leaf Liting Medicine, New York, Thos. Nelson & 
Sons, 1920, 3, 263. 

14. Beattie, J. M., and Dickson, AV. E. C.; A Textbook of (Special Pathology, 
London, AVilliam Heinemann, 1921. 

16. Delafield, F., and Prudden, T. M.; A Textbook of Pathology, 14th Ed., Now 
York, 'William Wood & Co., 1927. 

16. Assmann, H.: Mtinchen. mcd. AA'chnschr., 1931, 78, 221. 

17. Baldridge, C. W., and Peterson, F. R.; J. Am. Mcd. Assn., 1027, 88, 1701. 

18. Sainton, P., and Emond, G.: Gaz. d. hop., 1930, 103, 449. 

19. Barker. L. F,: J. Am. Med. Assn., 1907, 49, 1235. 

20. Warthin, A. S.: Ann. Int. Med., 1928, 2, 553. 

21. Warthin, A. S.; Detroit Proc. Inter-State Postgrad, Med. Assn,, No. Am. 
1929, p. 383. 

22. Kocher, T,: Arch. f. klin. Chir., 1908, 87, 131. 

23. Kocher, A.: J. Am. Mcd. Assn., 1907, 49, 1240. 

24. MenHn, V.t Arch. Int. Med., 1928, 42, 419; Am. ,1. Physiol., 1928, 85. 489. 

25. Plummer, W. A.: Minnesota Mcd., 1919, 2, 330. 

26. Simmonds. M.: Arch. f. path. Anat, u. Physiol, u. f. klin. Med., 1913, 211, 7.1. 

27. Starck, H.-. Ztsclxr, f. d. gcs. Neurol, u. Psych., 1914, 10, 417. 

28. Hccker, E.; Frankfurt. Ztschr. f. Path., 1922. 28, 90. 

29. Hezel, O.-. Dcut. Ztschr. f. Nervenh., 1893, 4, 333. 

30. Farnor, B.: Arch. f. path. Anat. u. Physiol, u. f. klin. Mcd., 1896, 143. 509. 

31. Langhans, T.: Ibid., 1907, 189, 69. 

32. Kocher, A.: Ibid., 1912, 208, 86. 

33. Lifvondahl, R. A., and Jaffe, R. H.: Med. Clin. No. Am., 1930, 13, 11/ 1. 

34. Chvostek, V. : Morbus Basedowi und die' HyperthjTCOsen, Berlin, .1 . bpnngor. 
1917. 

35. Holst, .1.: Acta chir. Scandinav., 1923, Suppl. 4, 1. 

36. Trocll. A.; Arch. f. klin. Chir.. 1923, 124, 700. 

.37. Goormaghtigh, N.: Endocrinology, 1924, 8, 323. 

38. Cattc!!, R. B.: Boston Med. and Surg. .1., 1925, 192^989. 

39. Holzweissig. IL: Dent. Ztschr, f. Chir,, 1925, 193, 2/G. 

40. Giordano, A. S.: .1. Indiana State Mcd. A.s.sii., 1920, 19, 63. 

41. Sager, W. W.: Arch. Surg., 1927, 15, 878. 



frikdgood: sympathetic NEin’ous system 


849 


42. Menne.-F. B., Joyce, T. M., and Stewart, J. D., Jr.: Ann. Int. Med., 1928, 1, 
912. 

43. Simpson, W. M.; Am. J. Surg., 1929, 7, 22. 

44. Eienhoff, AV. F., Jr.; Bull. .Johns Hopkins Hosp., 1925, 37, 2S5. 

45. Blackford, J. M., and Freligh, W. P.; Coll. Papers Mayo Clinic, 191G, 8, 507. 

46. Kloso, H., and klclhvig. A.: Arch. f. klin. Chir., 1924, 128, 175. 

47. Moschcowitz, E.: Arch. Int. Med., 1930, 46, 610. 

48. Greenfield, AV. S.: Lancet, 1893, 2, 1493 and 1553. 

49. AAfilson, L. B.: Am. J. Med. Sci., 1916, 162, 799. 

50. AA'ilson, L. B., and Durante, L.; J. Med. Res., 1916, 34, 273. 

51. Kessel, L., and Hyman, H. T.; Am. J. Med. Sci., 1923, 165, 513. 

52. Barker, L. F.: J. Am. Med. Assn., 1918, 71, 327. 

53. Rossle, R.; Arch. f. path. Anat. u. Physiol, u. f. klin. Med., 1930, 275, 310. ' 

54. Bensis, AA''., and Gouttas, A.; Sang, 1930, 4, 29. 

55. Thorpe, E. S.: Arch. Pediat., 1927, 44, 126. 

56. Do Sautclle, AA'. T., and AA''ood, R. B.: J. Tenn. Med. Assn., 1925, 17, 313. 

57. Poensgon, F.: Med. IGin., 1913,. 9, 1504. 

58. Ordway, T., and Gorham, L. AA''.: Leukemia, Oxford Medicine, New York, 
Oxford University Press, 1920, 2, 717. 

59. Ewing, J.: Neoplastic Diseases, Philadelphia, AA''. B. Saunders Company, 
1928, p. 967. 

60. Margolis, H. M.: Arch. Path., 1930, 9, 1015. 

61. Schridde, H.; Thymus, in Aschoff, L.; Pathologischc Anatomic, 5th Ed., 
Jena, Gustav Fischer, 1921, 2, 176. 

62. AAfilliamson, G. S., and Pearse, I. IT.: Brit. J. Surg., 1930, 17, 529. 

63. Langlois and Garrelson; Compt. rend. Soc. de Biol., 1910, 68, 356. 

64. Lusk, G., and Riche, J. A.: Arch. Int. Med., 1914, 13, 673. 

65. Tompkins, E. H., Sturgis, C. C„ and AVearn, J. T.: Arch. Int. Med., 1919, 
24, 269. 

66. Grafc, E.; Ergobn. d. Physiol., 1923, 21, 1. 

67. Lyman, R. S., Nicholls, E., and McCann, AA'. S.; J. Pharmacol, and Exp. 
Therap., 1923, 21, 343. 

68. Boothhy, AA'. M., and Sandiford, I.: J. Biol. Chem., 1922, 64, 783. 

69. Sandiford, I.: Am. J. Physiol., 1920, 51, 407. 

70. Boothhy, AA'. M., and Rowntreo, L. G.: J. Pharmacol, and Exp. Therap., 
1923, 22, 99. 

71. Marine, D., and Lenhart, C. H.; Am. J. Physiol., 1920, 54, 248. 

72. Soskin, S.; Am. J. Physiol., 1927, 83, 162. 

73. A'irchow, R.: Die Krankhaften Gcschwiilstc. 30 A'orlesungen, gch. wiihr. d. 
AA'intersem.,' 1863-1867 a. d. Univ. z. Berlin, v. 3. 

. 74. Hiimig, G.: Arch. f. klin. Chir., 1897, 55, 1. 

75. Brissaud: Semaine med., 1895, 15, 326. 

76. Marine, D., and Lenhart, C. IT.; Arch. Int. Med., 1911, 8, 265. 

77. Simmonds, M.: Deut. med. AA'chnschr., 1911, 37, 2164. 

78. Cowell, S. J., and Mellanby, E.; Quart. J. Med., 1924, 18, 1. 

79. Karsner, H. T.: Human Pathology, Philadelphia, J. B. Lippincott Company, 
1926. 

80. Menne, F. B., .Joyce, T. M., and von Hungen, A. P.: Arch. Surg., 1926, 13, 
329. 

81. Hoover, C. F.: Am. J. Med. Sci., 1927, 173, 11. 

82'. Kolodny, A.; Arch. Path, and Lab. Med., 1926, 1, 37. 

83. Hart, E. B., and Steenbock, H.: J. Biol. Chem., 1918, 33, 313. 

84. Smith, G. E.: J. Biol. Chem., 1917, 29, 215. 

85. Marine, D.; Bull. Johns Hopkins Hosp., 1907, 18, 359. 

86. Horsley, A'.: Lancet, 1886, 2, 1163. 

87. Halsted, AA'. S.: Johns Hopkins Hosp. Rep., 1896, 1, 373. 

88. Marine, D., and Lenhart, C. H.: Arch. Int. Med., 1909, 4, 253. 

89. Marine, D., and Kimball, O. P.: J. Lab. and Clin. Med., 1917, 3, 40. 

90. Holst, .J., and Lunde, G.: Am. J. Surg., 1929, 7, 39. 

91. Ord, AA'. M.: Lancet, 1898, 2,' 1243. 

92. Committee on Mjrxoedema: Trans. Clin. Soc. London, 1881, 21, Suppl. 



S50 GONCE, jnDDLETON, BRADLEY, NICHOLS: 

THE INEFFICACY OF SPLEEN EXTRACT IN THE TREATMENT 

OF LYMPHATIC LEUKEMIA. 

By J. E. Gonce, M.D., 

ASSOCIATE PROFESSOR OF PEDIATRICS, 

W. S. Middleton, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, 

H. C. Bradley, Ph.D., 

PROFESSOR OF PHYSIOLOGICAL CHEMISTRY, 

AND 

M. S. Nichols, Ph.D., 

ASSISTANT PROFESSOR OF SANITARY CHEMISTRY, UNIVERSITY OF -WISCONSIN, 

MADISON, AVIS. 

(From the Department of Medicine, Universitj^ of Wisconsin.) 

For clinical direction and scientific accuracy it is highly important 
that negative as well as positive results be recorded. Last year 
Pearce^ reported an isolated case of acute lymphoblastic leukemia 
in which intramuscular injections of a 40 per cent albumin-free 
solution of hog spleen alternating daily with a 20 per cent solution of 
liver extract, supplemented by the oral administration of liver 
extract, effected an apparently complete recovery. In all 5 injec- 
tions of the liver extract and 10 of the spleen extract were made, 
but the oral administration of the liver extract was continued for 
over 3 montlis. Since liver and its extracts have proved without 
influence upon the course of leukemia,^’® it was natural to assurfle 
that the spleen extract was the important element in the therapeu- 
tic result. Shortly following the report of Pearce came a second 
clinical experience suggesting the efficacy of spleen extract intra- 
muscularly administered in leukemic states. Busman and Wood- 
burne'* recited tlie clinical improvement in the cutaneous lesions 
and tlie disappearance of a leukemic blood picture in a patient 
receiving a series of 24 intramuscular injections of spleen extract 
at semiweekly, weekly and biweekly intervals. An assessment of 
_ the benefit of this therapy is difficult for the reason that a series of 
4 Roentgen-ray treatments had preceded tlie trial of spleen extract 
and the most marked improvement in the leukocytic formula liad 
attended Roentgen-ray tlierapy. 

Pearce* gave spleen extract “on the grounds of the connection in 
the etiology and pathology of the disease and tlie imperfectly 
understood functions of the spleen.” Busman and 'Woodburnc'* 
state tliat “the possible allergic tuberculomatoiis tj^ie of skin lesion 
associated with the blood picture of a hematopoietic disease led us 
to use spleen extract as a therapeutic agent.” 

For tlie time more interested in the end than means to that end, 
tlie promise of a therapeutic agent of benefit in lymphatic leukemia 
led us to immediate studies in the preparation of spleen extracts. 
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Neither of the above reports liad included this detail. Several 
different methods were pursued and the products labeled as follows: 

Methods. Spleen Extract A: 400 gm. of hog’s fresh spleen was minced 
and mixed ndth enough water to make 1000 cc. Tins mixture was then 
boiled and filtered first through cheese cloth and then several times tlirough 
filter paper until the filtrate became brilliantly clear. This final filtrate was 
then candled through a sterile medium Handler filter, cultured for sterility 
and bottled aseptically: . , , . j 

Spleen Extract B: 400 gm. of hog’s fresh spleen was minced and mixed 
ivith 600 cc. of 95- per cent alcohol. This mixture was rendered more inti- 
mate by shaldng for 15 minutes, after which it was kept in a cold room. 
Thereafter it was removed to a warm room for 24 to 48 hours. Then it was 
squeezed through cheese cloth and filtered through paper. The filtrate 
was evaporated to about 300 cc. in vacuo at 40° C. By this manipulation 
most of the alcohol was removed and much of the lecithin precipitated. 
It was next filtered again, but the finely dispersed lecitliin passed through 
the filter. To the milky filtrate was added about 1 per cent fuller’s earth. 
The whole was thoroughly mixed and filtered through filter paper; where- 
upon the filtrate became clear and of a golden brown color. This clear 
filtrate was then candled through a sterile medium Handler filter, tested 
for sterility and bottled asepticaUy. 

Spleen Extract D : Wliile still warm at slaughter the spleens were removed 
from swine and plunged into boiling water. After boiling for 5 minutes 
they were hashed to a fine pulp and about one-third of their volume of dis- 
tilled water added. This mixture of 3 parts of spleen pulp plus 1 part of 
water was gradually brought to a Ijoiling point. Its reaction was adjusted 
immediately to pH 5.4 by the addition of ^ hydrochloric acid. The mash 
was boiled for 5 minutes and. then squeezed through cheese cloth. The liquid 
was filtered through filter paper and the filtrate concentrated to one- 
quarter its volume by distillation at 85° C. in vacuo. This concentrate, 
winch was quite turbid, was candled without preliminary clarification 
through a medium Handler filter. The gold yellow filtrate was tested for 
sterility and bottled aseptically. Six hundred cc. of spleen extract I) were 
derived from about G kilos of fresh spleens. 

Spleen Extract C: This extract was prepared in the same manner as D, 
except that the spleens were ground at the packing-house and boiled 
immediately without adjustment of pH. This control of the reaction was 
made at the laboratory and the mixture boiled again. 

Spleen Extract 6 B: A portion of spleen extract B was evaporated under 
reduced pressure to one-sixth of its volume, candled, tested for sterility 
and bottled. 

Poivdered Spleen Extract D: 400 cc. of spleen extract D was evaporated 
over a water bath to a sjrrupy consistency and poured into a large volume 
of 95 per cent alcohol. The sticky mass was collected and dried in scales 
and from this amount of liquid extract 30 gm. of dry extract was obtained. 
This dry extract represented about 4 kilos of fresh spleens. The dry extract 
was divided into 3 gm. lots, each representing 400 gm. of fresh spleen. 

(In the clinical trial of these several extracts the substance will be referred 
to by letter.) 

Case Reports. Case 1. — The first patient appearing for treatment was 
a 10-month female infant presenting the classical features of lymphoblastic 
leukema. The history dated back about a month when the infant became 
tired in appearance and “not as good natured” as usual. Ten da3^s prior 
to admission lumps were noted behind both ears and the hair began to fall 
out. The normal weight gain had ceased with the onset of the present 
Illness but there had been no weight loss. The appetite had been reduced, 
iliere Was some bleeding from the nose and mouth. 
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The infant was fretful. A bluish-gray discoloration and puffiness was 
apparent about the eyes. A general lymphadenopathy was remarked in 
the accessible ljunph nodes. The liver extended 4 cm. below the costal 
margin and the spleen, 7 cm. 

The blood examination constituted the most important laboratory detail: 
Hemoglobin, 28 per cent; erythrocytes, 2,830,000; leukocytes, 362,500: 
Differential: neutrophils, 0.8 per cent; Ijunphocytic series, 99.2 per cent; 
platelets, 10,000. 

DAYS 



The accompanying chart of the blood picture (Fig. 1) gives an accurate 
analysis of the therapy. In all this patient received 57 intramuscular injec- 
tions of various spleen extracts in doses of 1 to 2 cc. over a period of 63 
days. To this were added several courses of spleen extract by mouth, 5 
blood transfusions and liver extract, orally and intramuscularl}'. Several 
incomplete remissions occurred but these were apparently without relation 
to treatment. The objective improvement in the general condition of the 
infant was notable during these periods of remission in the blood picture. 
Interestingly, each successive remission was less adequate than its predeces- 
sor and each relapsing peak of leukocytes higher than the previous until a 
level of 725,000 was reached the day before death. While the clinical 
course of this case was unusual in its remarkable remissions (objective and 
blood) and ip its duration of almost 4 months, yet occasional instances of 
this tj-pe are seen contrasting sharply with the usual progressive downward 
course of much shorter duration in lymphoblastic leukemia. 

A second trial of the spleen extract was afforded by Case 2, a white male, 
aged 29 vears, admitted to the Wisconsin General Hospital on February 1, 
1931, with acute lymphoblastic leukemia. The history which was unusual 
merely in the prim'arj' cutaneous lesions, which leukemic inHltrations formed 
a predominant' part of the picture to the end. The first of those nodules 
was noted about the left ear after Christmas, 1930; but shortly thereafter 
a vast number appeared over the entire body. The loikocytcs numbered 
49,900 on admission with 65 per cent hnnphocytcs of a very immature 
order. Because of the rapidh' progressive superior cyanosis, venous engorge- 
ment of the neck and head and dyspnea from mediastinal pressure. Roent- 
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gen-ray therapy was utilized as a last resort. A series of 5 Roentgen-ray 
exposures effected considerable reduction in the size of the mediastinal 
lymph nodes with proportional improvement in the above mentioned pres- 
sure phenomena. Spleen extract B was injected daily intramuscularly in 
2 cc. doses for 8 days during the first admission prior to the Roentgen-ray 
therapy without effecting any alteration in the blood picture, the local or 
the sj'-stemic situations. In fact, during the period of spleen extract exhibi- 
tion the leukocytes rose from 40,900 with 61.5 per cent bmiphocytic types 
to 62,000 with 94 per cent of this order. 

After a period of about 2 weeks at home the patient returned to the hos- 
pital March 10, 1931. His condition had advanced markedly. The cutane- 
ous nodules were more abundant and the mucous membranes of the nose 
and mouth showed similar lesions. The liver and spleen which on the 
previous admission had been somewhat enlarged, now extended S and 6 cm. 
below the costal margins, respecti^'ely. The hemorrhagic tendencj'' was more 
marked as evidenced by petechise and epistaxis. The leukocj'^tes at this 
time numbered 547,000 vdth 99 per cent lymphocytes (largely lympho- 
blasts). From March 15 until just before his death on May 13 this patient 
received dail}'- intramuscular injections of spleen extract B or C in 5-cc. 
doses. The leukoc3’’tes ranged between 320,000 and 488,000 for 36 da3^s 
after the institution of this therap3’^ and then there occurred a progressive 
decline to an aleukemic state prior to death without apparent relation to 
treatment. Interesting^'-, the leukoc3'^tes the da3’^ before death were 6950 
with 79 per cent neutrophils. 

Only one further trial of spleen extract in the treatment of Ijmipho- 
blastic leukemia has been available. In this instance the substance 
was administered to a patient in extremis and under the conditions 
no judgment of its efficac}^ could be formed. It has, however, been 
given to 3 patients with chronic lymphocytic leukemia and to one 
with eosinophilic leukemia. The results in all of these cases have 
been entirely negative. A brief outline of the treatment bj'- spleen 
extract in each follows: 

Case 3.— A white female, aged 59 years, with chronic fvmphocytic leukemia 
marked 63’^ cutaneous infiltration was readmitted on September 27, 1930. 
The local and general response to Roentgen-ra3’- therapy (11 e.xposures) 
a month previously had been entirely satisfactory. The leukocytes fell 
from 46 to 20 thousand; but the Rnnphocytic percentage rose from 78 to 86.7. 
The basal metabolic rate over the same period of treatment dropped from 
4-38 per cent to 4-18 per cent. UnfortunateR" an uncomplicated trial of 
spleen extract was not afforded on the second admission. However, during 
the first month of this period of hospitalization, when she received a series 
of 7 Roentgen-ra3’- treatments, there occurred a rise of the total leukoc3'tes 
from 25 to 35 thousand, the R'^mphocytic figures being 92 and 86 per cent 
respectively. Furthermore the response of the basal rate was less pro- 
nounced than on the earlier trial, a fall from 4-32 per cent to -f26. On the 
other hand the cutaneous lesions were greatR"- improved. With the discon- 
tinuance of Roentgen-ray therapy spleen extract was begun. With several 
variations the intramuscular injections of spleen extract A or B, at times 
supplemented by intramuscular injections of liver extract, were continued 
until discharge, 34 days later. A total of 18 injections of 1 to 2 cc. of spleen 
extracts was given without appreciable effect upon the blood picture. The 
wlvite cells numbered 37,000 at the conclusion of this period as compared 
with 35,000 at the outset and the Rmiphoc3'tes were 92 per cent and 86 
per cent, respectiveR". 

Case 4. — A white male, aged 56 3'-ears, presenting the classical features of 
chronic bvinphocytic lexikomia of 3:1 3'ears' duration was admitted to the 
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Wiscousili General Hospital on October 30, 1930. His prior treatment had 
consisted of repeated series of Roentgen-ray exposures over 2 5'ears; but 
on this admission the severe secondary anemia and profound depression 
precluded further Roentgen-ray therap5n The leukocytes numbered 270,000 
with 96 per cent Ijunphocs'tes. A series of 6 intramuscular injections of 
spleen extract B was administered on alternate days vdthout appreciable 
affect upon the leukemic or the general condition. 

Case 5.— A female outpatient, aged 56 years, had suffered from chronic 
Ijmaphocytic leukemia for 5 years. The condition of the skin, pain of peri- 
splenitis and severe secondary anemia necessitated rest from Roentgen-ray 
therapj’^, which had held the major manifestations of the leukemia fairly 
well under control. Accordingly she was given a series of 8 intramuscular 
injections of 2 cc. spleen extract B on alternate days. The total leukocytic 
count at the outset of this therapy was 135,750 with 92 per cent lympho- 
cjdes; whereas at the conclusion the white cells numbered 220,750 with 97 
per cent lymphocjdes. 

Case 6. — A white male, aged 33 3'ears, suffering from eosinophilic leuke- 
mia of 21 j^ears’ duration, received a series of 10 intramuscular injections of 
spleen extracts B or C in 2-cc. doses over a period of 35 days, alternating 
with intramuscular injections of liver extract. On admission the leukocytes 
numbered 14,000 with 72 per cent eosinopliils, while on discharge the leuko- 
cjdic count was 12,500 mth 62 per cent eosinophils. Such fluctuations had 
been frequently obseia^ed without relation to treatment. 

Summary. It ivill be remarked that no such favorable effects as 
reported by Pearce,^ and Busman and Wooburne^ have attended 
the use of various spleen extracts in the group of lymphatic leuke- 
mias above reported. In the cases of lymphoblastic leukemia 
(Cases 1 and 2) a fair and complete trial of the therapeutic influence 
of several spleen extracts was afforded. In Case 1 there was abso- 
lutely no maintained influence upon the course of the disease. In 
Case 2 the numerical leukocytic count fluctuated widely and toward 
the fatal termination there ivas a return of the normal leukocytic 
formula w'ithout coincident improvement in the general condition 
of the patient. The group of lymphocytic leukemias (Cases, 3, 4 
and 5) treated witli spleen extract did not offer fair trials of such 
materials because of the complicating B-oentgen-ray tlierapy. Cases 
4 and 5 in particular represented “burned out” types in whicli 
further tlierapeutic trial of any order w'ould not constitute a real 
test of its efficacy. The case of eosinophilic leukemia (Case 6) 
showed no improvement from the use of spleen extract. 

From these rather inadequate data it may be concluded that the 
spleen extracts prepared by the methods herein described were 
without tlierapeutic effect in the cases of Ijmiphatic leukemia 
studied. 
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Nucleic Acids. By P. A. Levene, The Rockefeller Institute for 
Medical Research, and Lawrence W. Bass, Mellon Institute of 
Industrial Research, now Assistant Director of Research, The 
Borden Company. Pp. 337; 14 figures. New York: The 
Chemical Catalog Company, Inc., 1931. Price, $4.50. 

The publication of a modern review of nucleic acid chemistry 
constitutes a welcome addition to the literature. Since the publica- 
tion of the monograph on nucleic acids by Jones decided advances 
have been made in this field, man3'- of them having originated in the 
laboratory of the senior author. The present volume summarizes 
the progress made to date in this highly involved subject. 

The important role played bj'' titration curves and other physico- 
chemical measurements in determining the structure of nucleic 
acids is fully presented. Particular attention is also paid to the 
enumeration of the physical and chemical properties of the most 
important products of nucleic acid h.ydrolysis. Special emphasis 
is laid on the chemistiy of purins and p.yrimidins, whereas less 
space is devoted to the sugars since these have been dealt with in 
detail in various other monographs. J. A. 


Medicine, Science and Art. By Alfred E. Cohn. Pp. 212. 

Chicago: The University of Chicago Press, 1931. Price, $4.00. 

With the welter of newly ascertained facts that is constantly 
being added to the medical sciences, it is highly desirable that more 
thought be given to the nature of the motives activating these accu- 
mulations, and especially is it profitable when these thoughts are 
expressed by one who has himself worked productively in these 
fields. We may not agree with all of the author’s views. Of course, 
“ all is not well with medicine,” but it never has been. Particularly 
is this apt to be the case when rapid advances— the decades of today 
being more than equivalent to centuries of the past— make adapta- 
tions more difficult. Nevertheless, the volume of intelligent thought 
now being given to medical problems shows at least the healthy 
search for improvement that is taking place in this countrjL 

The six essays reprinted from various sources (“The Difference 
Between Art and Science in Their Relation to Nature,” “The 
Development of the Harveian Circulation,” “Purposes in Medical 
Research,” “Medicine and Science,” “Physiology and Medicine,” 
“The Hierarchj^ of Medicine”), bear directly on medical trend.s, 
except the first, which has obvious indirect relations. AVe agree, 
then, with the author as to the relatedness of his essaj^s and agree, 
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too, with the main points of the policy that he has formulated for 
himself. Like him, we hold that the objects of art and science are 
but partly alike, that their methods are usually strikingly different; 
but that both have their roots in nature and in the experience of 
man, and that some attributes of the artist are often invaluable to 
the scientist— as well as the practitioner. We agree too that in the 
long run disease must henceforth be studied primarily by medical 
scientists and that it is as hard for the practitioner to contribute 
to his science as it is for the practising engineer to contribute to 
pure physics. The neutral ground between investigation and prac- 
tice on the one hand, and the sister sciences on the other, these are 
crucial points that are chiefly analyzed in some detail in the essays 
at hand. If more of our profession could possess the general culture 
that the author betrays, the handling of both of these problems 
would be greatly simplified. E. K. 


Proctoscopic Ex^uiination and the Treatment of Hemorrhoids 
AND Anal Pruritus. By Louis A. Buie, B.A., M.D., F.A.C.S., 
Section on Proctology, The Mayo Clinic, and Associate Professor 
of Surgery, The Mayo Foundation. Pp. 178; 72 illustrations. 
Philadelphia: W. B. Saunders Company, 1931. Price, S3.50, 

This manual of 170 pages and about 70 illustrations, most of 
which are original and valuable adjuncts to a clear understanding 
of the subjects therein, contains the latest information of the 
methods of treatment explained in a clear and concise manner: It 
is interesting to note that 1 out of every 5 cases seen in the Mayo 
Clinics between 1910 and 1922 with carcinoma of the rectum or 
sigmoid, had been operated upon for hemorrhoids or treated symp- 
tomatically for irregularity, thus indicating the urgent necessity of 
works on this kind being in the hands of the general profession. 

The author Avisely is opposed to the indiscriminate use of opiates, 
especially their use for the relief of pain in the postoperatiA'e period, 
for usually this drug adds fuel to the fire as it produces subsequent 
constipation, lessens the patient’s ability to bear pain and in many 
instances has been known to produce addicts. 

The nonsurgical treatment of hemorrhoids is thoroughly discussed, 
especially that of the injection method. Its limitations and dangers 
are fully covered. It is a question in the Reviewer’s mind if he 
understood the author’s statement correctly, that in said cases the 
region is divided into 4 sections or quadrants and each of these 
may be treated over a period of 4 succeeding days. The Reviewer 
would qnc.stion .such a procedure, as the reaction would more than 
likely produce serious trouble, especially would this be the case if 
the advice were to be followed generallA- by those not so experienced 
a.s Dr. J3uie. 
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The' treatment of that most distressing condition known as anal 
pruritus is considered in a most thorough manner, and after discuss- 
ing various means and measures employed by others the author 
indicates his choice of treatment. L. A. 


Medical Administration op Teaching Hospitals. By Emmet 
B.Bay, M.D. Pp. 136. Chicago: University of Chicago Press, 
1931. Price. 82.00. 

A VALUABLE and interesting discussion of the important problems 
of medical administration and how they are being handled in 19 
teaching hospitals, together with the conclusions of the author as 
to their best solution. Some of the topics considered are: The 
admission of patients, contact with the referring physician, the 
allocation of beds to services and specialties, medical records, organ- 
ization of the attending staff, general administrative organization, 
administration duties of clinicians and residents. While these 
matters are considered from the standpoint of the teaching hospital, 
they nevertheless have practically the same aspects in most hospi- 
tals. The Reviewer finds himself heartily in accord with the 
author’s views, and feels that if members of hospital managing 
boards as well as administrators and the staff' personnel would 
familiarize themselves with this little book they would be helped 
greatly in solving the problems which they have in common. 

R. K. 


Annals op the Pickett-Thomson Research Laboratory. '\^o1. 

VII, July, 1931. Pp. 441 ; 35 plates. Baltimore: The Williams 

& Wilkins Company, 1931. Price, 810.00. 

Volume VII of the Annals of the Pickett-Tliomson Research Labora- 
tory is divided into 3 sections, dealing with the role of the strepto- 
cocci in erysipelas, skin diseases and measles. 

Quotations are freely made from the 1600 references on the 
organisms found in these 3 conditions, their specificity, cultural 
and biologic characteristic production and efficacy of antisera, 
antitoxins, etc. Each section is supplemented with photographs 
of recognized type organisms in smear and on culture; for erysipelas, 
Birkhaug; for measles, Tunnicliff, Ferry and Fisher, etc. The 
authors also' illustrate a small Gram-negative bacillus that they 
isolated from the throats and skin of cases of measles. 

However, they conclude in their summary “further careful 
investigation is required with regard to the bacterial flora found in 
the respiratory tract and in the blood, etc., of measle cases. The 
organism of Caronia, a specific streptococcus, and the pleomorphic 
Gram-negative bacilli described by the authors, all require further 
investigation before they can be entirely ruled out of account.” 
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“The cause of measles has not yet been discovered, and it seems 
likely that the disease is caused by an invisible noncultivable filter- 
passing virus.” 

They are “still convinced of the great value of Crowe’s medium 
in the differentiation of the multifarious species of streptococci” 
and offer promise of progress by attempting to standardize its 
preparation, controlling moisture content, etc. 

This volume forms a worthy successor to previous issues and is 
a mine of information on the bacteriology, biology and treatment 
of erysipelas, measles and various skin diseases. J. C. 


Experimental Studies in the Course of Paratyphoid Infec- 
tions IN A-Vitaminotic Rats. By H. C. A. Lassen. Trans- 
lated from the Danish by Hans Andersen, M.D. Pp. 248; 
illustrated. Copenhagen: Levin and Munksgaard, 1931. 

A CAREFUL re\dew of the clinical and experimental literature upon 
the resistance to infections in the A-vitaminoses is given. 

The author then reports in detail his own experiments upon the 
resistance of rats upon optimal and A-vitaminotic diets, to infection 
by ingestion of organisms belonging to the paratyphoid group. He 
concludes that the lowered resistance of the avitaminotic group is 
directly related to the vitamin deficiency. 

The translation is satisfactory’-, although in places a little clumsy, 

E. W. 


The Foundation of Medical History. By Sir D’Arcy Power, 
K.B.E., F.R.C.S. (Eng.), Consulting Surgeon to St. Bartholo- 
mew’s Hospital, Honorary Librarian of the Royal College of 
Surgeons, Etc. With an Introductory Note by William H. 
Welch. Pp. 182; 3 illustrations. Price, 83.00. 

The foundation of the Institute of the History of Medicine at 
John Hopkins 3 years ago is rightly considered an event of major 
importance in the medical advance of this country. We maj’ look 
on it as a center from which will radiate not only genial and impor- 
tant influences on the cultural level of physicians in general, but 
also in time valuable scholarly contributions to little known phases 
of medical history in this and other continents. In the first cate- 
gory belongs this first publication from the Institute, a series of 
G lectures— “pointing the way along several roads”— by last year’s 
visiting lecturer, who is amply qualified both by his persuasive 
personality and by his achievements in the field of medical history 
to inaugurate what we hope and expect to be a “bahnlirechende” 
series for his country. 

In ihc Siory of ilic. Oldest British Hospital, with which the author 
has been connected for 52 year.s, he tells more than enough to lead 
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US on to Sir Norman Moore’s more complete narrative. Dining 
With Our Ancestors describes chiefly the vicissitudes of the British 
3 square meals a day through the centuries. In Biography a deeper 
note is struck, being a stimulating analysis of the nature of biog- 
raphy, its two chief varieties and what it' should and should not be. 
The author’s long experience with the Dictionary of National 
Biography shines through his paragraphs. The field of Iconography, 
“the description or illustration of any object by means of drawings 
or figures,” is illustrated by Spielman’s Vesalius and the author’s 
Portraits of William Harvey. Enough details about Lister and 
Pare whose “iconographies cry aloud for consideration,” are given 
to stimulate some reader to undertake the task. In the same way 
in Bibliography interesting descriptions and analj’-ses are used as 
vehicles for convejdng suggestive topics to budding historians. 
And, finally, Aristotle's Masterpiece tells the story of a “hoary old 
debauchee” that is still to be bought in second-hand book shops. 
Through 427 years in which its 66 or more editions have persisted, 
primitive folldore, pre-Vesalian anatomy and the ever-present chi- 
canery of pseudo-science have persisted in ministering to the itch 
of the prurient and in duping the ignorant— truly a lesson of value 
to even the most practicallj'' minded of our profession. 

E. IC. 


The Vitamins. Monograph Series No. 6. By H. C. Sherman, 
Mitchill Professor of Chemistry, Columbia University, and S, L, 
Smith, Senior Chemist, Office of Experiment Stations, United 
States Department of Agriculture. Pp. 525. Second edition. New 
V^ork; The Chemical Catalog Company, Inc., 1931, Price, $6.00. 

Progress in vitamin research in the 10 years since the publication 
of the first edition of The Vitamms has been so phenomenal that a 
second edition was imperative. In fact, so much additional mate- 
rial has now accumulated that the original monograph has expanded 
to the size of a textbook, with a bibliography of 181 pages, the 
titles of which alone constitute a history of investigations in this 
field of nutrition. 

The application of quantitative methods is largely responsible 
for the deepening of knowledge on this important subject. While 
the exact chemical constitution of the vitamins has not been deter- 
mined, much more is known than formerly about their chemical 
and physical reactions. The vitamin content of various foodstuffs 
and the effect upon the vitamins of exposure to the conditions to 
which these are subjected has been widely studied. The vitamin 
requirements of animals and man have also received much attention. 

Further differentiation of the fat-soluble and water-soluble vita- 
mins has added to the list of vitamins and offers the possibility of 
increasing their numbers. There arc now G recognized vitamins. 
The whole history of the vitamins up to 1 930 is complete in this 
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book and is presented in such a way that not only the professional 
chemist to whom it is primarily addressed, but all who are inter- 
ested-scientific workers, clinicians, students and other informed 
readers— will find helpful information in the phase of the subject 
that most interests them. E. W. 


The Early History of Yellow Fever. By Henry Bose 
Carter, M.D., Assistant Surgeon-General (Retired), United 
States Public Health Service. Edited by Laura Armistead 
Carter and Wade Hampton. Frost. Pp. 308; 5 illustrations. 
Baltimore; The Williams & AVilkins Company, 1931. Price, 
S5.00. 

“This new and important study has a most interesting back- 
ground. It was prepared by the late Dr. Carter, at the instance 
of officials of the Rockefeller Foundation, in the closing j^ears of 
his life. It was known that Dr. Carter’s time was limited, a restric- 
tion which indeed dictated to a degree the scope and extent of the 
manuscript, and it seemed necessary to record and perpetuate the 
contribution to the study of yellow, fever which he was uniquely 
qualified to make. The manuscript was brought to virtual com- 
pletion onl^' at the expense of working throughout an illness severe 
enough to confine him to bed for long intervals, and during his last 
year, continuously. . . . There are many controversial ques- 
tions relating to yellow fever. Many of the reports and accounts 
of the past are unreliable and contradictory, hluch hot and bitter 
controversy has developed. 

“Dr, Carter’s manuscript attacks the problem from the viewpoint 
of the epidemiologic factors. These are known; the historical data 
are in dispute. So the work may be looked upon as, in part, an 
amplification and correction, or at least a testing, of the history in 
the light of the known ejiideraiology. Thus inan\" of the historical 
questions may be settled definitely. If, for instance, yellow fever is 
reported as continuing for a term of years under conditions which 
render continuance impossible, it is known that the disease could not 
have been yellow fe\'er. 

“Quite as much epidemiology and bacteriology as history is there- 
fore presented. Dr. Carter wrote from first-hand information and 
this, collided with the unusual approach to the problem, results in a 
study of particular point and value.” 

After consideration of the epidemiology of yellow fever (40 pages) 
and diseases which may have been confused with it (.32 pages) the 
author goes at length into the various sites that might be regarded 
as its place of origin. He concludes that both biologic and historical 
evidence, without being conclusive, point strongly to its African 
origin. Though Dr. Carter died in 192.5, and considerable water 
has flowed through the mill since that time, this hook should long 
retain its interest and value. F- R. 
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NEW BOOKS. 

Man and Medicine. By Dr. Henry E. Sigerist, Professor at the Univer- 
sity of Leipzig. Introduction by Dr. WilliajM H. Welch, Professor of 
the History of Medicine, The Johns Hopkins University. Translated 
by M.\rgaret Galt Boise. Pp. 340. New York: W. W. Norton & 
Co., Inc., 1932. ' Price, §4.00. 

The Slory of Medicine. By Victor Robinson, M.D., Professor of History 
of hledicine. Temple University School of Medicine, Philadelphia. 
Pp. 527. New York; Albert and Charles Boni, 1931. Price, S5.00; 
Cytology and Cellular Pathology of the Nervom System. Three volumes. 
By various contributors. Vol. I: Neurones, Nerve Sheaths and Nerve 
Endings. Vol. II: Neuroglia, Microglia, Blood Vessels, Meninges, Pineal, 
Pituitary, Eye. Vol. Ill: Neoplasms, Malformations, Reactions. Pp. 
1280; 886 illustrations, 15 in color. New York: Paul B. Hoeber, Inc., 
1932. Price, S30.00. 

Italian Medicine. A^ol. VI of Clio Medica. By Arturo Castiglioni, M.D., 
Professor of the History of Medicine, Roj'al University of Padua, Italy. 
Translated by E. B. Krumbhaar, M.D., Professor of Pathology, Uni- 
versity of Pennsylvania. Pp. 134; 11 illustrations. New York: Paul B. 
Hoeber, Inc., 1932. Price, SI. 50. 

Biochemistry in Internal Medicine. By Max Trumper, Ph.D., Clinical 
Chemist and Toxicologist, Jefferson Medical College and Hospital, and 
Abraham Cantarow, M.D., Instructor in Medicine, Jefferson Medical 
College. With a Foreword by Elmer H. Funk, M.D., Sutherland M. 
Prevost Professor of Therapeutics at Jefferson Medical College. Pp. 454; 
11 illustrations. Philadelphia: W. B. Saunders Company, 1932. Price, 
S5.50. 

The Cambridge Medical School. By Sir Humphry Davy Rolleston, 
Bart., G.C.V.O., K.C.B., M.D., Hon. D.Sc., D.C.L., LL.D., Regius 
Professor of Physic in the University of Cambridge, etc. Pp. 235; illus- 
trated. New York: The Macmillan Company, 1932. Price, S5.00. 
Intracranial Tumors. By Harvey Cushing, Professor of Surger}’', Har- 
vard Medical School; Surgeon-in-Chief, Peter Bent Brigham Hospital, 
Boston. Pp. 150; 111 illustrations. Springfield, 111. : Charles C Thomas, 
1932. Price, -85.00. 

Man and Microbes. (A Century of Progress Series.) By Stanhope 
Bayne-Jones, M.D., Professor of Bacteriology, School of Medicine and 
Dentistry, University of Rochester. Pp. 128, 17 illustrations. Baltimore: 
The AVilliams & AVilkins Companj^ 1932. Price, SI. 00. 

The Wisdom of the Body. By AA^alter B. Cannon, M.D., Sc.D., LL.D., 
George Higginson Professor of Physiology, Harvard Medical School. 
Pp. 312; 41 illustrations.- New York: AA^. AAh Norton & Co., 1932. 
Price, S3.50. 

A Text-Book of Human Physiology. By August Krogh, Ph.D., LL.D., 
Professor of Zoophysiology in Copenhagen Universitj", Copenhagen. 
Revised and Edited by Katherine R. Drinker, A.B., M.D., ForraerR’^ 
Research Assistant in Applied Ph 3 ’’siolog}'^, Harvard Medical School, 
Boston. Pp. 233; 108 illustrations. Philadelphia; Lea & Febiger, 1932. 
Price, -82.75. 

Abstracts, Proceedings of Meetings of the A~ew York Pathological Society, 
Iield Novemlier 19 and December 17, 1930; Januarv 22, February 26, 
March 26, April 23 and Ala.v 28, 1931. Reprinted from Archives of 
lAatholog 3 \ Pp. .56; 2 illustrations. 
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Publications of the Conunittee on the Costs of Medical Care. No.'lS. A 
Survey of the Aledical Facilities of the State of Vermont. By Allon 
Peebles, Ph.D. Pp. 70. Price, S1.50. No. 15. Midwives, Chiropodists, 
and Optometrists. By Louis S. Reed, Ph.D. Pp. 321; 97 tables. Price, 

51.00. Chicago: The University of Chicago Press, 1932. 

The White House Conference Publications on Child Health and Protection. 
New York: The Century Company, 1932. Growth and Development of 
the Child. Part III. Nutrition. Report of the Committee on Growth 
and Development, Kenneth D. Blackfan, M.D., Chairman. Pp. 532; 
various tables and charts. Price, 84.00. Obstetric Education. Report 
of the Subcommittee on Obstetric Teaching and Education, Fred Lyman 
Adair, M.D., Chairman. Pp. 302; various tables and charts. Price, 

83.00. 

NEW EDITIONS. 

Clinical Atlas of Blood Diseases. By A. Piney, M.D., M.R.C.P., Director 
of Pathological Department, The Cancer Hospital, London; Consulting 
Pathologist, Chelmsford Hospital, and Stanley AVy'ard, M.D., M.R.C.P., 
Physician, The Cancer Hospital, London, and Princess Beatrice Hospital. 
Pp. 105; 38 illustrations, 34 in color. Second edition. Philadelphia: 
P. Blakiston’s Son & Co., Inc., 1932. Price, 84.00. 

One of the best of these atlases that has come to our attention. If not mis- 
understood as replacing text-books, these little books have important uses. 

A Text-book of Psijchiatry. By D. K. Henderson, M.D. (Edin.), 
F.R.F.P.S. (Glas.), Physician-Superintendent, The Glasgow Royal Men- 
tal Hospital, and R. D. Gillespie, M.D. (Glas.), M.R.C.P., D.P.M., 
(Lond.), Physician for Psychological Medicine, Guy’s Hospital, London. 
Pp. 595. Third edition. New York: O.\ford University Press, 1932. 
Price, 84.50. 

A new chapter on the Psychiatry of Childhood is given excellent treatment 
and the inclusion of a brief survey of the United States laws governing mental 
diseases is helpful. No superior to this volume has been written in English in our 
opinion. 

Medieal Formulary. By E. Quin Thornton, M.D., Assistant Professor 
of Materia Medica in the Jefferson Medical College, Philadelphia. Pp. 
352. Thirteenth edition revised. Philadelpliia: Lea & Febiger, 1932. 
Price, 82.50. 

Keeps well up to date in the wilderness of new remedies that are constantly 
being brought out. 

Manual of Bacteriology. By Robert Muir, M.A., M.D., Sc.D., LL.D., 
F.R.S., Professor of Pathology, University of Glasgow, and The Late 
James Ritchie, M.A., M.D., F.R.C.P. (Edin.), Late Irtdne Professor of 
Bacteriolog}’’, University of Edinburgh. Revised by Carl H. Browning, 
M.D., D.P.H., F.R.S., Gardiner Professor of Bacteriology, University 
of Glasgow, and Thomas J. Mackie, M.D., D.P.H., Irvine Professor of 
Bacteriolo©’, University of Edinburgh. Pp. SG6 ; 212 illustrations, 6 color 
plates. Ninth edition. New York: Oxford University Press, 1932. 
Price, 84.75. 

A concise treatment covering a very extended field. Illustrations and prac- 
tical procedures are included. S. M. 

Applied Pharmacology. Bj' A. J. Clark, M.C., M.D., F.R.C.P., F.R.S., 
Professor of Materia ^ledica and Pharmacologj’' in the U^niversity_ of 
Edinburgh. Pp. 590; 72 illustrations, 50 tables. Fourth edition. Phila- 
delphia : P. Blakiston’s Son & Co., Inc., 19.32. Price, .84.00. 

This well-known work has been brought up to date by tho incorporation of 
material dealing with recent advances in tho fields of v-itamins, cndociines, vegeta- 
tive nervous system, eirculator regulation, etc. Its viewpoint is more phj'siologi- 
eal than is the case with other English and American texts on pharmacology. C. 
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Pellagra: Analysis of 102 Cases. — The present study (Boggs and 
Padget, Bvll. Johns Hopkins Hosp., 1932, 50, 21) is based upon the 
observations of the senior author in the medical service of the Baltimore 
City Hospital for a period of 20 years. The discussion of the disease, 
pellagra, calls attention to a classification of pellagra which seems to 
the authors to be rather clearly defined: (a) Simple pellagra; {h) post- 
alcoholic variety, and (c) pellagra arising as a complication of some other 
disease. In the first group there were 31 cases, in the second group 40, 
and in group thi'ee 31. The onset of the pellagrous lesions was not char- 
acteristic of the seasonal peak observed in the South in early spring. 
Most of the patients on admission complained of dermatitis; diarrhea 
Avas next in frequency, as an entering complaint, and sore mouth was 
third. One-fifth of the patients were admitted with complaints unas- 
sociated with pellagrous lesions. The patients with a history of haAung 
used aleohol to excess present the most interesting problem. Of the 
40 cases, 36 when they entered the hospital had been on a spree lasting 
from 4 to 6 weeks, while the 4 had for long periods taken a daily ration 
of distilled liquor. The further statistical study of these cases as a 
whole showed that the skin lesions were present on the dorsum of the 
hand in each case. Stomatitis was present in three-fourths of the cases, 
as Avas the diarrhea. Forty-five per cent of the patients had inA’^olve- 
ment of the spinal cord, lesions of AA^hich resemble subacute combined 
sclerosis Avith a tendency toward inA'^oh^ement of the posterior columns. 
Apparently the degree of involvement was not marked. One-half of 
the patients shoAA^ed some type of psychosis. An anemia was found in 
80 per cent. Ninety per cent of cases shoAved an absence of free hydro- 
chloric acid when this examination was carried out. In the treatment of 
this group as a whole, the most satisfactory results Avere obtained with 
a liver diet. Without the liA'^er diet 69 per cent of the patients died. 
On a liver diet approximately 20 per cent succumbed. The recoA'ery 
figures correspond Avith the rate for death. The central nerA'ous sj'stem 
symptoms apparently were not affected to any A-ery great extent by the 
liver feeding. The question of why there should be any association 
betAveen alcoholism and pellagra has arisen. The authors AATitc that' 
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three theories suggest themselves to explain this relationship: first, 
that the pellagi-a is dependent upon the presence of some deleterious 
element in the alcoholic drink; second, that it may depend upon simple 
withdrawal of food, but this does not explain it, as many of these people 
still take large quantities of alcohol daily and yet eat then- customary 
ration, nor does the hypothesis that there ma^'^ be some toxic substance 
in the alcohol afford a satisfactory answer, as the sources of the alcohol 
are too varied to suggest a constant t^'pe of poisoning, The third 
theory, seems to be the likely one. Either the alcohol destroys the pella- 
gra-preventive factor in the gastrointestinal tract or the gastrointestinal 
tract is so altered by the alcohol that it is incapable of assimilating the 
pellagi’a-preventive factor. This latter assumption would seem to be 
the correct answer to the enigma. It would explain also the pellagra 
Avhich develops in cachectic states. While the authors do not mention 
this fact, it would seem likely that this explanation affords a solution 
of the paradox in which the severely ill pellagrin, despite adequate 
diet, continues to go down hill. It rvould seem in these cases that the 
gastrointestinal tract is so altered, probably by the pellagra itself, 
that the pellagrin is unable to make use of the factor which might 
prevent progress of the disease. 
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The Union of Grafts of Live and Preserved Fascia With Muscle. — 
Haas {Arch. Siirg., 1931, 23, 571) says that dead, preserved fascia lata 
united with muscle, just as rapidly and as firmly as did live fascia lata. 
The union of both dead and live fascia depended mainly on the ingrowth 
of the endom^'sium and perimysium. The muscle cells themselves 
appears to be transformed into elements of fibrous tissue and to aifl 
in the uniting process. There was some evidence that the preserved 
fascia lost some of its elasticity and stirred up more reaction in the 
surrounding tissue than did live fascia. , Dead, preserved fascia may be 
used clinically for union with a muscle, but it seems advisable to utilize 
the fascia, if po.ssible, because the latter appears to be transformed into 
tendinous tissue more readily. 

Some Angiospastic Syndromes in the Extremities.— Morton and 
Scott {Ann. Svrg., 1931, 94, 839) say that the increased interest in the 
peripheral vascular diseases has focused attention especially on the 
lesions associated with spasm of tlie vessels. This is a natural reaction, 
because it is in this group that ther.apeutic relief can be looked for more 
hopefully in a large proportion. There are several types of angiospasm, 
whieh can be recognized and separated into major groups as follows: 
(«) In organic vascular disease; {h) idiopathic paroxysmal (Rayniiud’s) 
disca.se; (c) dependent upon organic or functional nervous diseases; {(/) 
consecutive to trauma; (c) venospasm. In Raynaud's rlisease the fuiula- 
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mental abnormality is a hypersensitivity of the peripheral arteries to 
cold. However, vasoconstrictor impulses play an important role by 
initiating and accentuating many of the attacks. Consequently the 
advisability of removing the sympathetic innervation can be deter- 
mined by the effect of regional anesthesia in releasing the spasm during 
an attack. Organic and functional nervous disorders frequently are 
accompanied by an accentuated vasoconsti’ictor tone locally. Trauma 
in the extremities may be followed by an arterial spasm, frequently 
associated with pain. This is probably due to vasoconstrictor impulses 
induced by reffex afferent stimuli from the traumatized area. The 
authors believe that such a reaction is a fundamental response incident 
to trauma and scar formation. There is an individual variation in the 
degree of manifestation of this reaction and it may be present as a latent 
hypersensitivity to cold. Evidence has been presented that angio- 
spasm affecting principally veins occurs as a clinical entity. 
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The Copper Content of Human Milk and of Cow’s Milk. — In contrast 
to potassium, sodium, calcium and magnesium, no physiologic role has 
been ascribed to the traces of aluminum, copper, manganese, vanadium 
and ^inc which are found in the animal body. Copper has only recently 
been shown to have a constant level in the blood stream. Steenbock 
demonstrated that white rats underfed with cow’s milk show arrested 
growth and an anemia which can be cured only by the administration 
of copper salts. This experiment suggests that cow’s milk is poor in 
copper. Zondek and Bandman {Klin. Wclmschr., 1931, 10, 1528) inves- 
tigated the comparative copper content of human and cow’s milk. 
Eighty-five samples of human milk and 90 of cow’s milk were analyzed 
by the Warburg method. The human milk was uniformly richer in 
copper. The cow’s milk contained traces of copper so slight that they 
could not be demonstrated witli the Warburg method but only with the"^ 
Ashing process. The average copper content of the cow’s milk was 
0.15 to 0.2 mg. per liter; and that of the human milk 0.5 to 0.6 mg. per 
liter. No definite change in the copper content was observed at differ- 
ent periods of lactation. An infant fed on cow’s milk usually receives 
the milk doubly diluted, and as tlie water is practicallj" copper free, tlie 
copper concentration is reduced by half. All the foodstuff’s used in the 
formula are poor in copper. Anemia among infants who are artificially 
fed is probably more common than is realized. Copper prophylaxis 
among artificially fed infants therefore is rational. 

VOI.. 1S3, NO. 0.— HINK. 1932 30 
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Histamin in the Treatment of the Rheumatoid Diseases.— Mature 
consideration of the various remedial measures which have proved more 
or less effective in the relief of pain in the rheumatoid affections leads 
Dezso Devtsch (Med. Klin., 1931, 27, 1491) to the conclusion that 
their thei-apeutic actions have the common characteristic of producing 
hyperemia in the skin or muscles, or both, of tlie affected region. On 
the basis of tJie demonstrations by Leivis and others that mechanical, 
thermal and other procedures causing hyperemia do so by the local 
liberation in the tissues of histamin, the autlior sought to employ this 
agent directly. He finds that the subcutaneous or intramuscular injec- 
tion of histamin is capable of producing a local vasodilatation which is 
accompanied by considerable amelioration of pain and rela.xation of 
muscle spasm. The injection methods, however, are associated with 
unpleasant general histamin reactions which render their therapeutic 
use unsatisfactoiy. He finds, however, that it is possible to introduce 
satisfactory quantities of histamin locally into the tissues by cataphor- 
esis. Controlled observations show that tlie electrical current applied 
e.xerts no beneficial action. He has investigated the results of this 
method of treatment in some 250 cases and finds that in the majority 
tlie pain and muscle spasm are both relieved promptly, usually tem- 
porarily, e\'en by tlie first treatment. The conditions responding most 
satisfactorilj-^ are myalgia, arthritis deformans and chronic polyarthritis. 
Sciatica does not respond but pseudosciatica, which seems to be due 
primarily to muscle spasm yields promptly to treatment. Although 
periosteal pain ma^\' be diminished in about half the cases, the relief is 
purely transitory. The observation of outstanding interest is that 
histamin cata phoresis produces relief more rapidly than does any otlier 
procedure. It is a fact also that it seems to be potent in a great many 
conditions in which relief is difficult to obtain bj' any other therapeutic 
procedure. 
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Physical Analysis of the Adolescent Problem. — Todd (A/w. J. Jhs. 
Child., 1932, 43, 533) states that tlie reproductive function presupposes 
an orgam'sm substantially fully developed. Consequently, although 
the general broad lines of sexual development u'ere established ver.\' 
early in the process, the reproductive organs lie fallow for a long period 
of time, during which growth of tlie body and adaptation of response 
are developed before Nature returns to the completion of her task. 
In contrast with the rapidity of attainment by lower mammals of 
bodily maturity is the relative tardiness of primate dcA'clopnient. 
Actual bulk is of secondary importance. A relatively long early child- 
hood and rapid adolescence are characteristic of all primates except 
man, who takes from the si.xtli to the twentieth year to accomplish the 
development which is covered by the anthropoid in 2 years. "What 
Nature doe.s well she docs quickly, but at the cost of considerable 
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strain on tlie organism. Tire dangers to life in the adolescent antliro- 
poid are reduced to difficulties to mere disordered progress in the long- 
attenuated adolescence of- man. A 'long adolescent period maintains 
a plastic state of accumulation and registration of experiences before 
the human organism crystallizes into maturity. The human brain is 
substantially adult in pattern at G years. Thereafter mental develop- 
ment is dominated by finer discriminations of judgment trained by 
experience. Hence adolescence is characterized by mental, rather than 
by physical, complexities. Since adolescence is but a phase of child- 
hood on the tln-eshold of maturity, it falls into the scope of the pedia- 
trician rather than of the internist. The supposed individual varia- 
tions in date of inception and in sequence of expression of the phe- 
nomena of adolescence are to be attributed to the interplay of factors, 
mainly internal and endoci’ine in origin, the combination and precise 
significance of which are still to be defined. Intimately bound up with 
these is the progi’ess to maturity of the skeleton, the adolescent features 
of which, such as date and velocity of epiphyseal union, act as a register 
of progress. On a single examination they give a definition of status 
serial or periodic roentgenographic examinations of the skeleton provide 
a measure of progress. This physical expression is not an academic 
finding but an exceedingly important indicator of constitutional health 
or defect and may be applied with confidence in the assessment of 
developmental growth. 


Dried Lactic Acid Milk as a Long-continued Diet for Infants.— 
Hess and Robins (J. Am, Med. Assn., 1932, 98, 1250) made this 
comparative feeding study with the idea of evaluating the effect on 
growth and development of infants following long-continued feeding 
with dried lactic acid milk. With special regards to rickets they offer 
the following observations; Of the 18 breast-fed infants 1 showed 
mild clinical rickets between the fifth and ninth months. Roentgeno- 
grams in this case were negative. Only 5 of the babies were on breast 
feeding exclusively for a period longer tlian 25 weeks. This partly 
accounts for the low percentage of cases of rickets recorded in the breast- 
fed group. Of the 8 breast-fed inffints in whom the breast feeding was 
later complemented by Men-ell-Soule powdered lactic acid milk 2 had 
mild rickets, with positive Roentgenograms in 1, and 1 had moderate 
rickets with considerable bone change. In the 2 infants showing 
rickets by Roentgen rays the one with considerable bone change was 
on breast and complement to the age of 16 weeks, after which she was 
on Merrell-Soule dried lactic acid milk for the following 5 months. 
The second infant showing moderate bone changes had been on breast 
milk complemented by Merrell-Soule for 15 weeks and received the 
Merrell-Soule dried milk for the following 4 montlis. This infant, the 
only one in the entire group of 85 cases showing any considerable bone 
changes, had a moderate case of eczema and a diarrhea developed 
which required hospitalization for a period of 2 weeks during the fifth 
month. In the 7 infants in whom breast feeding was complemented 
ivith Mead Johnson dried lactic acid milk mild clinical rickets with 
slight bone changes developed in 2 and in another there was a moderate 
clinical rickets. None of these showed roentgenographic evidence of 
bone change. Of the 5 infants on fluid cultmed lactic acid milk mild 
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clinical rickets developed witli slight bone changes in I and moderate 
clinical rickets without Roentgen evidence in 1. Of 5 infants on sweet 
cow’s milk plus U. S. P. lactic acid mild clinical rickets with slight bone 
changes developed in 1. Of 30 infants on dried Merrell-Soule lactic 
acid milk 6 showed mild clinical rickets and 1 of tliese slight bone 
changes. These 30 infants were all fed dried lactic acid milk from the 
third week of life, and 20 of these were on this feeding for 6 months 
or longer and 12 of them remained on this diet throughout their 
eighth month. Of the entire group of 85 cases only 1 showed marked 
bone changes. This is the one mentioned above who had eczema and 
an attack of diarrhea that required hospitalization. Rickets was 
evidenced clinically in mild degree in 13 of the cases, and in 3 cases 
it was of moderate degree. Of these 4 showed slight Roentgen changes 
and the one mentioned before showed marked changes. Of the 30 
infants on dried lactic acid milk for periods of from 5 to 9 months, 
dated from the third week of life, only 6 showed mild clinical rickets 
and only 1 of these showed slight bone changes in Roentgenograms. 
The clinical results indicate that dried lactic acid milks can be used 
under the same conditions as cultured lactic acid milk and cow’s milk 
plus U. S. P. lactic acid. 
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Regeneration of Uterine Mucosa After Delivery. — In what was 
probably the last contribution to the literature by the late J. WaiTRinoE 
Williams (A?/!. J. Ohst. and Gyncc., 1931, 22, 664) be has presented a 
most complete and interesting study of the regeneration of the uterine 
mucosa during the puerperium, more particularly in relation to the 
changes occurring at the placental site. These observations are based 
upon the study of a large series of uteri removed by supravaginal 
amputation following Cesarean section, as well as a certain number 
obtained at autopsy upon women dying from other causes than infec- 
tion during the first 3 days of the puerperium, and upon others removed 
by operation during that period, but especially upon a series of IS 
uteri obtained by supravaginal amputation at various periods through- 
out the puerperium. He states tliat his study has demonstrated tliat 
the regeneration of the placental site is in no way connected with an 
inflammatory change, that there is no_ indication of any extensive 
necrotic process and that all of the specimens show unusual prolifera- 
tion of endometrial tissue, which docs not merely cover the surface of 
the placental site, but invades it in all directions, but particularly 
extends between it and the underlying muscularis, so that in a general 
way it undermines the placental site and ultimately leads to its extrusion 
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or exfoliation. The most important evidence is presented by a uterus 
48 days after delivery, in -which the placental site is represented by a 
tag of tissue, 1 by 3.5 mm., projecting into the uterine cavity, but still 
attached by its base to the superficial portion of the endometrium. 
The high-power section of tliis tissue shows that the stroma of the poly- 
poid mass presents the histologic structure which is characteristic of the 
placental site. 

Cancer Grading in Relation to Prognosis. — In the past fe-n^ years 
much interest has been shown in the relation of the maturity of the 
cells in a cancer to the prognosis from the clinical aspect, many pathol- 
ogists being of the opinion that the relationship is a very definite one. 
As Reimann {Ann. Surg., 1931, 94, 381) states, however, tlrere are two 
types of grading, namely, according (1) to prognosis, and (2) to Roent- 
gen ray sensitivity and there is much confusion about the subject on 
tliis account. The first type of grading attempts to forecast end- 
results while the second type predicts whether or not a tumor will be 
destroyed by u’radiation. He believes that the former cannot be done 
while the latter can be accomplished with a considerable degree of 
accuracy. The reason why he believes that prognostic tumor grading 
cannot be done is because a microscopic section of the tumor will not 
show how completely the surgeon removed the tumor. Moreover, 
the microscopic appearance of most tumors varies in different parts 
sufficiently to influence the grading. He therefore refuses to grade 
tumors, especially biopsy material because he believes that the surgeon 
might be inclined to do a less radical operation than should be done if 
a tumor is considered to be of low malignancy. We must realize that 
tumors, if malignant, even of the slowest growth, will kill the patient 
if given time and if not completely removed. In a general way, the 
less differentiated the cells of a tumor, the more sensitive they are to 
irradiation, but here again if the patient is to receive irradiation, the 
radiologist should give all the treatment that is possible without regard 
to the sensitivity of the constituent tumor cells and of course without 
causing damage to the surrounding healthy tissues. From Reimann’s 
viewpoint therefore, this subject is of academic interest but should 
have no influence on the extent of treatment which should always be 
as much as the patient can tolerate. 


OPHTHALMOLOGY 


UNDER THE CHARGE OF 

WILLIAM L. BENEDICT, M.D., 

head of the section of OpHTHAIiMOLOGY, MAYO CLINIC, ROCHESTEH, MINN., 

AND 

H. P. WAGENER, M.D., 

assistant professor of OPHTHAUMOLOGY, mayo foundation, ROCHESTER, MINN. 


Exophthalmos in Infantile Scurvy. — Dunnington {Arch. OphthaL, 
19.11, 6, 731) reports a case of unilateral exophthalmos which appeared 
suddenly in a girl aged 7 montlis. Eleven days before examination, 
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sudden swelling of the left upper lid and bulging of the left eye occurred 
in the course of a slight “head cold.” The swelling practically dis- 
appeared in 3 days but recurred 4 days later. The left upper lid was 
markedly swollen, ecchymotic and tender to touch. The eye was 
proptosed about 2 mm. and was pushed downward and outward. Up- 
ward rotation was limited. The eye itself was normal. The child’s 
legs were tender to touch. The upper gums were spongy and bleeding 
and the lower slightly ecchymotic. A few small ecchymotic spots were 
present in the skin of tlie buttocks. Examination of the nose and roent- 
genograms of the accessory sinuses did not reveal any pathology. 
Roentgenograms of the long bones revealed changes characteristic of 
scurvy. Three ounces of orange juice was added to the daily diet and 
the swelling of the upper lid and the proptosis disappeared in 4 days. 
Exophthalmos appears as a complication of scurvy usually only in 
infants. The average age of the patients in the 22 authentic reported 
cases is 10| months, the youngest being 7 months and the eldest 2 
years. Kruckow reported 1 case of recurrent orbital hemorrhage in an 
adult with scurvy. Operative and necropsj’^ findings have established 
that the cause of the proptosis is extravasation of blood betiveen the 
orbital plate of the frontal bone and the subjacent periosteum. The 
tendency to hemorrhage in scurvy is explained by the increase in per- 
meability of the bloodvessel walls as. a result of a defect in the cement 
substance of the endothelial cells produced by lack of vitamin C in the 
diet. Hart and Lessing, Harden and Zilva, and Zilva and Still have 
noted hemorrhages into the orbit in experimental scurvy in monkeys. 
These hemorrhages absorbed spontaneously but recurred unless anti- 
scorbutic treatment was instituted. The hemorrhages in infants tend 
to absorb rapidly, the time, in the cases reported since 1912, varying 
from 4 days to 1 month. The hemorrhages do not calcify. The exoph- 
thalmos may be slight or sufficient to endanger the cornea unless 
operative interference is instituted. The fact that, in scurvy, subperi- 
ostal hemorrhage is prone to occur at the site of rapid physiologic 
growtli explains the tendency to hemorrhagic extravasation at the 
upper inner angle of the orbit. However, Dunnington believes that 
orbital hemorrhage is less frequent than is suggested in textbooks on 
pediatrics in which exophthalmos is stated to occur in 10 per cent of 
the cases of infantile scurvy. Hemorrhages may also occur in the lids, 
conjunctiva, anterior chamber and retina. 
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The Postpneumonic Lung.— Chronic lung changes following pneu- 
monia depend on the degree to which the various ti-ssiies of the lung arc 
involved by the acute process and the severity of the injnrywhieh they 
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sustain. Among the most important of the pneumonias likely to result 
in clu-onic changes, says Hart (Am. J. Roentgenol, and Rad. TJierap., 
1931, 26, 371), are influenzal pneumonia, influenzal pneumonia invaded 
by streptococci, the bronchopneumonias "^accompanying measles and 
pertussis, and Friedliinder’s pneumonia. The pneumonic process maj'^ 
take any of three possible courses: (a) The exudate may be absorbed 
and recovery ensue; (b) the exudate may become organized and fibrotic 
changes and chi-onic nontuberculous infection develop, or (c) suppura- 
tion may occur. If either of the two latter possibilities eventuate, 
cluonic terminal conditions may be expected. These may take the form 
of bronchiectasis, clu’onic nontuberculous infections, abscess formation, 
or fibrosis, either localized or diffuse. Systematic follow-up and peri- 
odical roentgenologic examinations of patients in whom resolution does 
not take place promptly would throAv much light on chronic post- 
pneurrionic lesions. 


The Use of Opaque Oils in the Diagnosis of Maxillary Sinus Disease. 
The injection of opaque oil into the maxillary antrum enables a roent- 
genologic demonstration of pathologic conditions and, according to 
Beeler, Smith and Collin.s (Am. J. Roentgenol, and Rad. Tlierap., 
1931, 26, 302) determines better than any other means the proper type 
of treatment. The oil can be injected without harmful effects, although 
there is usually a reaction of the mucous membrane which lasts until 
the oil is extended. The authors use lipiodol diluted one-third in olive 
oil; their results with brominol and campiodol have also been good. The 
normal antrum, when injected, will show a thin line of separation about 
1 mm. wide between the oil and the sinus wall. At the base the prom- 
inences over the tooth roots may be apparent as smooth curves. Polypi 
produce a smooth localized defect in the shadow. Cysts and mucoceles 
produce a similar defect but someivliat larger and more circumscribed. 
Hyperplastic changes cause an irregular outline. 


NEUROLOGY AND PSYCHIATRY 

UNDER THE CHARGE OF 

FRANKLIN G. EBAUGH, M.D., 

PROFESSOR OF PSYCHIATRY IN THE UNIVERSITY OF COLORADO 

AND 

GEORGE JOHNSON, M.D., ’ 

INSTRUCTOR IN PSYCHIATRY IN THE UNIVERSITY OF COLORADO, 
DENVER, COLORADO. 


Convulsive Seizures, Their Production and Control, With Special 
Reference to the Probable Mechanism of the Seizure Itself. — Fay 
(Am. J. of Psychiat., 1931, 10, 551) believes that a direct relationship 
betiveen fluid intake, its storage and elimination, and major convulsive 
attacks has been clinically and experimentally established. A rational 
means of definite fluid balance has also been determined. The results 
Inive jiLstified the conclusion that the major forms of the convulsive 
state are superadded phenomena associated with hydration and disturbed 
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water metabolism. Convulsive seizures may be regarded as represent- 
ing a normal mass reaction of tlie motor areas after inhibitory centers 
have been depressed or released by specifically applied pressure, 
anoxemia or exliaustion. In the series of cases studied the grand mal 
attacks have gradually receded into Jacksonian or petit mat manifes- 
tations as dehydration was accomplished. The petit mal seizures have 
increased in severity and the zone of response widened as fluids and 
intracranial pressure has been increased. The assumption is justified 
that the stimulus capable of producing a petit mal or Jacksonian attack 
at one time finds a wide field of application and permits a generalized 
cortical release when inhibitory factors have been removed by pressure 
secondary to hydrated states. 


Biochemical Changes During Emotion.— Jankowska {L’Encephale, 
1931, 26, 204) examined hyperemotional patients to see what biochemi- 
cal changes were associated witli variations in emotional state. It was 
found impossible to examine the blood chemistry owing to the constant 
emotional disturbance caused by the prick of the needle. The urine 
was therefore examined for hourly quantity, reaction (pH), chlorid, 
nitrogen, ammonia nitrogen and sometimes for calcium. As a general 
rule it was found that during emotion there was a tendency to alkalinity, 
expressed as a rise in pH from the normal (5 to 6) to between 6 and 7, or 
even slightly above this. Tliis wms associated with an increase in total 
nitrogen and in quantity, and sometimes also in calcium and ammonia. 
In a case of permanent anxiety' high figures were obtained in each of 
these examinations tliroughout the patient’s stay in hospital. In 2 
cases of schizophrenia variations in the urine similar to those found 
during emotion were observed, without the display of any emotion by 
the patient. Two possible explanations of this were offered: (1) That 
schizophrenics experienced emotions which they did not betray, or (2) 
that the changes in the urine were due to functional disturbances in 
the brain which in normal subjects led to the somatic expression of 
emotions. 
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On the Microscopic Histology of Experimental Tuberculosis in Differ- 
ent Species. — Feldman {Arch. Path., 1931, 11, 896) with the use of 
pure cultures of the tubercle bacillus of human, bovine and avian 
origin, using the subcutaneous intraperitoneal, intravenous and intra- 
cerebral routes of inoculation, induced experimental tuberculosis in 
guinea pigs, rabbit.s, chickens and dogs. From the lesions obtained, 
the author made a comparative study to determine whether the 
anatomic character of the cellular reaction in the respective species 
varied with the type of the tubercle bacillus used to incite the lesions, 
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or whether the histologic character of the lesions in a given species 
was constant, regardless of the form of the tubercle bacillus present, 
and concluded that the histologic nature of tuberculous infection in a 
given species is essentially the same, regardless of the form or the origin 
of the particular strain of the tubercle baeillus responsible for the 
lesions. Variations in the character of the reaction of the tissues to the 
tubercle bacillus are not determined by the type of the organism -pn se, 
but by certain factors which are inherent in the species possessing the 
infection. The guinea pig and dog developed disseminated tubercu- 
losis after intracerebral inoculation with the avian strain. In the com- 
mon fowl infection was obtained locally in the brain with human and 
bovine types and all tuberculous lesions possess certain anatomic 
characters (focal circumscribed collections of monocytic or epithelioid 
cells, or a rather large, clear type, which are multiple and often become 
confluent, and even though a conglomerate tubercle results, the sepa- 
rate follicle-like masses of epithelioid cells is usually maintained and is 
discernible) which distinguish them from tuberculous lesions with the 
same bacteria in lower mammals. The histologic nature of tuberculous 
infection in a given species is essentially the same, regardless of the form 
or tlie origin of the particular strain of the tubercle bacillus responsible 
for the lesions. The author concluded that it would be injudicious to 
, designate a given tuberculous infection as being due to any of the three 
types of the tubercle bacillus, Avithout comparative pathogenicity 
tests, the histology being of no particular value for determining the 
types. 

Total Occlusion of the Right Branch of the Pulmonary Artery by an 
Organizing Thrombus.— A case showing total occlusion of the right 
branch of tire pulmonary artery by a large thrombotic mass, which had 
undergone advanced organization Avas reported by Means and Mallory 
{Ann. Ini. Med., 1931, 5, 417). The degree of organization suggested 
that the thrombus had been present for Aveeks or months. The patient, 
Avho Avas diagnosed clinically as a case of hypertensive and arterio- 
sclerotic heart disease, had shoAvn symptoms of cardiac insufficiency 
for a year prior to his death with marked cyanosis during the last fe>v 
days of life, but presented no history in any Avay suggestive of pulmonary 
embolism or thromlAosis. No abnormal physical signs Avere found in 
the right lung before death. At autopsy this lung shoAved no eAudence 
of necrosis, scarring or collapse, and while it Avas slightly smaller and 
less crepitant than the opposite lung, Avas air containing throughout. 
A greatly hypertrophied bronchial artery and tAvo large arteries AAffiich 
Avere traced upward along the sides of the trachea into the neck and 
AA'liich had probably arisen from the inferior thyroid arteries, had 
established a collateral circulation. ISIicroscopically the ahmoli Avere 
empty or contained a mucoid secretion, the capillaries being difficult 
to make out. The epithelium of the ahmolar Avails shoAved evidence of 
metaplasia to a high cuboidal or Ioav columnar type. The autlrors 
believe that a medium sized embolus may have produced a partial 
occlusion of the pulmonary artery, gradually gi-OAving, liOAvever, until 
total occlusion had occurred, time being alloAved for a rich anastomotic 
channel to be formed. The case is of interest in illustrating that such a 
gross disturbance, if occurring sloAvly need produce no damage to lung 
or give rise to any abnormal findings on physical examination. 
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The Role of Intensity and Duration in the Stimulation of Single End 
Organs in the Eye.— H. Keffer Habtline (from the Eldridge John- 
son Foundation for Medical Physics, University of Pennsylvania). In 
the stimulation of tlie eye by light it is necessary to consider both 
the total quantity of energy in the stimulating light and the intensity 
of this energy. These two factors were studied in preparations of the 
eye and optic nerve of the horseshoe crab, Limulus, in which the dis- 
charge of impulses in a single fiber of the optic nerve was recorded 
oscillographieally. Such a single fiber preparation shows that there is 
a tlireshold of intensity below which no impulses are discharged no 
matter how large the total amount of energy may be wliich enters the 
eye over a long period of time. Above this threshold the effect of 
intensity is to increase the frequency of the discharge and to decrease 
the initial latent period. For long exposures (over 1 second) a steady 
state is reached in which a constant inflow of energy results in a steady 
output of nerve impulses at a frequency determined only by the intensity. 

For short exposures (less than 0.1 second) it is tlie total energy of 
tlie flash of light wliich chiefly determines the resulting discharge. The 
frequency of discharge, the total number of impulses and tlie velocity 
of the latent period are all increased by increasing the energy of the 
flash, whether this be done by increasing duration or intensity. The 
reciprocity law (Bunsen Roscoe) holds in the first approximation. 

The relation betiveen logarithm of the energy of flash and maximum 
frequency of discharge is linear, up to a limiting duration wdiich is 
slightly less tlian the latent period. Above this limiting duration the 
frequency is determined by intensity only. Velocity of latent period 
and total number of impulses discharged parallel this behavior closely. 

Absorption of Glucose From the Colon.— Walter W. Feeling (from 
the Laboratory of Surgical Research, University of Pennsylvania). 
Considerable ^fference of opinion exists among investigators as to 
whether glucose in appreciable amounts can be absorbed from the 
large bowel. A study of glucose absorption from the intestinal tract 
of the normal, the pancreatectomized and tlie insulinized dog was out- 
lined in which were controlled factors which had previously not been 
taken into consideration. 

Glucose solutions are absorbed at a very slow rate when placed in 
the entire colon of the dog. Hypertonic solutions (10 per cent) are 
absorbed very little faster than are isotonic solutions. When a marked 
glucose deficit occurs in the blood glucose can be absorbed from the 
colon approximately as rapidly as it can from a low ilea! loop of the 
noninsulinized dog. The presence of glucose in the solution in the 
colon causes a retardation in the r.ate of water absorption. Tiic total 
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amount of glucose which can be administered and absorbed from the 
colon under the very best conditions would appear to be too small for 
any considerable therapeutic effect. 

Studies on Bone Growth as Seen in the Transparent Chamber Intro- 
duced Into Rabbit’s Ear.— Henry T. Kirby-Smith (from the Labora- 
tory of Anatomy, University of Pennsylvania). In order to study 
the growth and absorption of bone the rabbit’s ear method of tissue 
study was utilized. Six-day endosteal callus obtained from the I’adius 
was placed in the chamber at the time of its insertion into the ear. 

Tliirty-nine days after transplantation two small oval masses of 
liomogeneous refractile material with lacunas and canaliculas — all char- 
acteristic of bone — had appeared on the table of the chamber. The 
chamber space was about 45 ^ thick and daily microscopic observations 
were made at high magnifications. The bone mass watched most 
intensively was 0.36 mm. long, 0.26 mm. wide and about 0.04 mm. thick. , 
After a slight extension on one side it entered a quiescent phase until 
the forty-eighth day, when absorption of the bone was first noted. 
The absorption continued and an excavated area appeared near one 
end leaving a thin shell of bone at the edge of the bone mass. On the 
seventy-fifth day the edge of this thinned-out portion broke away 
leaving a semilunar space between the bone fragment and fibrous tissue 
on one hand and the parent bone on the other. During the second 
day after the fracture n'ongranular oval cells and fibers could 'be seen 
in the semilunar space. In the region between the fragment and tlie 
parent bone the fibers were irregularly arranged. Up to tlie fifth day 
following the fracture the essential changes were an increase in the 
fibers and their grouping into larger bundles in the interstices of which 
were clear spherical cell-like bodies. On the sixth day following the 
fracture these irregular fibers were found to be infiltrated with highly 
refractile granules which were coarser near the parent bone and finer 
at the periphery. On the seventh day the granules had begun to fuse 
and on the ninth day tliey formed a homogeneous refractile material 
which surrounded nearly all the cells in the fibrous matrix. The tempo 
of this growth corresponds very closely with the series of events which 
follows injury to the rabbit’s ulna or radius. 

The thin bone spicule which had broken away from the parent bone 
remained unchanged for 5 days. On the sixth day an excavated area 
appeared on its lower end, in which was seen a finely gi-anular proto- 
plasmic mass containing clearer round areas with dark centers. Obser- 
vations over a period of 7 hom-s showed marked diminution in the size 
of the spicule, absorption occurring only in the region of the proto- 
plasmic mass. The process of absorption consisted of first a disappear- 
ance of tlie highly refractile material leaving a fibrous substance which 
in turn disappeared. No refractile material or fibers were seen in the 
protoplasmic mass. Eight days after the fracture the isolated spicule 
had completely disappeared. 

There was no change in the bloodvessel pattern and no marked 
change in the circulation during the process of growth or absorption. 

A New Type of Transparent Chamber for Studying the Effect of 
Chemicals Upon Living Tissues.— R. G. Abell and E. R. Clark (from 
tbe Laboratory of Anatomy, University of Pennsylvania). In the 
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-extension of the types of chambers for insertion in the rabbit’s ear a 
charhber was desired by means of which it would be possible to study 
with the high powers of the microscope a very thin layer of living 
tissues while these tissues were being subjected to the action of chemical 
solutions of known and desired composition. Such a chamber has now 
been developed and is laiown as tlie “moat” diamber. The moat 
chamber, which is a modified “bay” chamber, -is composed principally 
of glass and mica, and contains a very thin, transparent, inclosed space 
called the bay. Living tissues grow into the bay through two small 
entrance holes at one end, and then across it toward the opposite end, 
which opens into a much larger inclosed space, called the moat. Chemi- 
cal solutions can be injected into the moat by means of two silver 
access cannulce, and subsequently sealed within it. Such solutions 
diffuse into the bay, and there come in contact with the living tissues. 
Owing to the fact that the bay has a glass bottom and a mica top, and 
a depth of approximately only 50 micra, the cellular details of the 
tissues can be clearly seen with the oil-immersion lens, and the effect 
upon them of experimentally introduced chemical solutions studied 
with the microscope. 

Ten to 15 days after the insertion of the moat chamber connective 
tissue, bloodvessels and in some cases lymphatic vessels grow into the 
bay. Chemical studies can be begun at this time, previous to it or 
at a later date. Such studies can be made for a period of several days 
or weeks, 'or, if desired, for several montlis. 

Preliminary experiments have shown that the growth of the tissues 
in the bay is not distmbed by the injection of sterile Ringer solution 
into the moat, and that a dye, such as metliylene blue, when placed 
in the moat passes to the region of living cells and tissues. 

The moat chamber affords an opportunity to study the effect of the 
tissues growing in the bay upon the chemical solutions placed in the 
moat, as well as the effect of such chemical solutions upon the tissues. 
Such solutions can be withdrawn from the moat at any time and their 
gain, loss or change analyzed. 

By means of the moat chamber access may be had to the inter- 
cellular space without mechanical disturbance to the tissues themselves. 
Effects produced by chemicals experimentally introduced into this 
space can be studied microscopically. 

The Use of the Chick Embryo as a Pharmacologic Test Object.— 
Edith hi. Hall (introduced by F. S. Hammett) (from The Lankenau 
Hospital Research Institute, Philadelphia). A determination of the 
response of cardiac muscle to physiologic and pharmacologic agent is 
obviously a desideratum in any study of bodily processes, hloreover, 
when chemical means of assay of products of biologic or therapeutic 
significance are unavailing then standardization must be had by the 
use of responsive biologic test objects. The present report is an 
investigation into the reaction of the heart of the chick embryo to 
digitalis and its suitability for the assay of this drug. 

Embrvos of 72 to 70 hours’ incubation, having 20 to 32 soinites, anci 
a posterior vitelline vein, 9 to 12 mm. in width, were used in situ in 
the opened egg kept at 40° C. 
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Preliminai-y tests with a digitalis leaf infusion brought out that 
10 minims is the most favorable volume for injection under the chorion 
and that with appropriate dilutions the medium period of from 45 to 
75 minutes for complete cardiac inhibition is the best for drug activity. 

Using these standards, it was possible to assay the action of various 
digitalis tinctures kindly supplied by the McNeil Company. The 
values obtained satisfactorily approximated those of the official frog 
heart method with the same preparations. The dilutions used for the 
chick embryo heart in terms of that effective in the frog are as follows : 

1. Approximately 10 minims of a 1 per cent infusion of normal 
U. S. P. digitalis leaf shall stop embryo chick heart in medium period 
of 45 to 75 minutes. 

2. 0.06 cc. of 1 per cent infusion of normal U. S. P. digitalis leaf for 
each gram of frog weight shall stop the heart in systole for 1 hour. 

Repeated tests with the same dilution of the same tincture give the 
same result within 0.5 per cent. Dilutions of the same tincture give 
comparable results. 

The results obtained with this method are expressions of the action 
of the drug on cardiac musculature alone, since neural control is not 
yet in force in embryos of this stage of development. It is possible 
that the procedure offers opportunity for differentiating those alkaloids 
of the digitalis group specifically effective in cardiac muscle and those 
which also exert a reaction on the nemomuscular mechanism as a whole. 
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